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Jj^HE  substances  which  are  formed  in  the  Vegetable  and 
Animal  Systems  are  all  compounds ; and  their  che- 
mical constitution  is  such,  that  they  derive  from  it  pecu- 
liar characters  by  which  they  are  connected,  and  by  which 
they  are  also  distinguished  from  others. 

In  unorganised  bodies  the  elements  are  generally  united 
in  binary  combinations,  and  by  the  union  of  such  binary 
compounds  others  are  formed.  In  the  products  of  the 
vegetable  and  animal  systems,  the  ultimate  principles  are 
less  varied  ; but  there  is  more  diversity  in  the  modes  in 
which  they  are  combined : they  exist  generally  in  more 
complicated  states  of  union,  three,  four,  or  more  substances, 
having  their  affinities  balanced,  so  as  to  form  one  individual 
combination  ; and  from  diversities  in  the  modes  of  union, 
more  than  from  differences  in  their  ultimate  principles, 

arise  the  differences  of  properties  by  which  they  are  dis- 
tinguished. 

From  this  difference  in  constitution  are  derived  other 
c aracters  by  which  these  orders  of  natural  substances  are 
( lscnminated.  The  compounds  of  the  mineral  kingdom, 

consisting,  m genera?,  of  principles  united  by  a sino-i-  affi . 
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nity,  have  no  tendency  to  suffer  spontaneous  changes ; or, 
when  left  to  themselves,  there  is  no  cause  to  disturb  the 
uniformity  of  their  mutual  attraction.  That  affinity  too 
can  in  general  be  brought  into  action,  and  by  presenting 
their  principles  to  each  other,  we  can  effect  their  combina- 
tion. We  can  analyse  them  with  equal  facility.  We  can 
therefore  ascertain  with  accuracy  their  composition,  both 
as  to  the  nature  and  proportions  of  their  constituent  parts, 
and  as  to  the  modes  in  which  these  are  combined.  But 
the  chemical  characters  of  the  vegetable  and  animal  pro- 
ducts are  altogether  different.  As  they  consist  of  three  or 
more  principles,  which  have  strong  mutual  attractions,  the 
balance  of  these  attractions,  whence  any  particular  com- 
pound exists,  is  easily  subverted ; the  principles  have  a 
tendency  to  re-act  on  each  other,  and  enter  into  new  com- 
binations,— a tendency  rendered  efficient  by  the  slightest 
alteration  of  circumstances.  Hence  arises  the  facility  ol 
decomposition  which  is  characteristic  of  these  bodies  : they 
are  liable  to  spontaneous  changes,  fermentation  and  putre- 
faction : they  are  readily  acted  on  by  other  agents,  as  by 
water  or  atmospheric  air ; and  they  are  totally  changed  by 
an  increase  of  temperature.  As  their  principles,  too,  have 
mutual  affinities  of  nearly  the  same  force,  they  never  escape 
insulated  from  a combination,  but  unite  with  each  other, 
forming  a complicated  analysis  ; and  as  their  composition, 
with  regard  to  the  ultimate  principles,  is  much  alike,  the 
products  of  this  analysis,  in  the  different  individual  sub- 
stances, are  extremely  similar.  And,  lastly,  as  we  are  in- 
capable of  balancing  the  attractions  of  the  principles  of 
which  they  are  formed,  or  of  placing  them  under  the  cir- 
cumstances under  which  they  were  brought  into  union  in 
the  vessels  of  the  animal  or  plant,  we  can  seldom,  by  arti- 
ficial arrangements,  form  compounds  of  a similar  nature. 

Such  are  the  chemical  properties  which  distinguish  the 
products  of  organization, — their  susceptibility  of  decom- 
position, the  complicated  nature  of  their  analysis,  and  the 
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similarity  ol  its  products,  and  the  impracticability  of  their 
aitificial  formation  by  the  union  of  their  principles. 

Ihere  are  some  subordinate  distinctions  between  the 
vegetable  and  the  animal  substances.  As  the  constituent 
principles  of  animal  matter  are  more  numerous,  their  af- 
finities are  more  nicely  adjusted,  and  more  liable  to  be  al- 
tered by  alteration  of  circumstances : hence  the  animal 
products  are,  in  general,  more  susceptible  of  decomposi- 
tion. T Ins,  also,  is  different,  with  regard  to  the  products, 
10m  that  of  vegetable  matter;  in  particular,  they  are  dis- 
tmguished,  by  being  liable  to  that  species  of  spontaneous 
decomposition  which  constitutes  putrefaction  : the  others 
decay,  hut  their  decomposition  is  not  marked  by  the  evo- 
lution oi  those  products  which  distinguish  that  of  animal 
matter,  and  which  characterize  this  process.  Their  ana- 
ysis  by  heat,  too,  allords  diiferent  products.  These  dif- 
ferences arise  principally  from  certain  elements  entering 
tmo  the  composition  of  animal  substances,  which  are  either 
ot  contained  in  vegetables,  or,  it  present,  are  in  incon- 
siderable proportion. 

. 7 dlc  compounds  which  belong  to  the  vegetable 
and  animal  systems  can  seldom  be  formed  by  artificial  ar- 
rangements, It  IS  not  to  be  concluded,  as  has  been  done, 
that  tills  arises  from  peculiar  unknown  forces,  from  the 
exertion  ot  which  their  natural  formation  has  been  ac- 
complished 1 hey  are  chemical  compounds,  the  results  of 
chemical  affinities,  which  have  been  exerted  merely  under 
peculiar  circumstances.  We  can  even  by  artificial  pro- 
cesses orm  compounds  perfectly  similar  to  some  products 
vegetation,  and,  although  the  actions  by  which  the 
greater  number  of  these  products  are  formed  can  be  only 
imperfectly  mutated  in  our  processes,  we  can  still  so  far 

the  moffifi  ’ r8  ,0  77  ‘heir  tl,C°r>’’  and  the  "ature  o‘' 

e modifications  to  which  they  are  subjected.  Hence  the 

natural  formation  of  these  substances  is  strictly  a subject 

of  chemical  investigation:  and  vegetable  and- animal  pin- 
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siology,  so  far  as  it  is  connected  with  this,  is  a department 
of  chemical  science, — one  which  is  at  present  the  most 
defective  and  obscure,  but  in  which  the  progress  is  per- 
haps the  least  limited,  which  may  reach  the  highest  pei- 
fection,  and  present  the  most  important  results. 

If  the  law  of  definite  proportions  shall  ever  be  found  ca- 
pable of  being  applied  to  the  combinations  of  the  elements  of 
organic  compounds,  their  chemical  constitution  will  be  de- 
termined with  the  same  precision  as  that  of  inorganic  bodies. 
The  circumstances  now  enumerated  as  constituting  the  dis- 
tinctions between  these  two  classes,  render  this  however  ex- 
tremely difficult,  and  have  led  to  the  opinion  either  that  the 
application  is  impracticable,  or  that  laws  must  be  assumed 
to  regulate  the  combinations  of  the  one  class,  very  diffe- 
rent from  those  which  regulate  the  combinations  of  the 
other.  The  view  which  I have  illustrated  in  some  paits 
of  the  preceding  volumes, — that  the  definite  proportions 
in  which  bodies  unite  are  much  more  numerous  than  those 
which  are  obtained  merely  in  insulated  binary  compounds, 
removes  the  principal  difficulties  on  which  these  opinions 
rest.  And  there  is  perhaps  no  just  reason  to  forbid  the 
conclusion,  not  only  that  the  law  may  be  applied  to  orga- 
nic compounds,  but  this  even  under  the  same  modifications 
as  those  under  which  it  is  applied  to  inorganic  matter. 
The  subject  will  fall  to  be  considered  under  the  general 
observations  on  the  composition  of  the  Vegetable  Proxi- 
mate Principles. 
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OF  VEGETABLE  COMPOUNDS. 


rCnE  Vegetable  Compounds  being  less  complicated  in 
their  composition  than  those  which  are  formed  in  the 
Animal  System,  and  affording  likewise,  in  general,  the 
materials  from  which  the  latter  are  produced,  are  first  to 
be  considered. 

Their  chemical  history  may  be  comprised  under  three 
divisions.  Under  the  first,  may  be  stated  the  facts  con- 
nected with  their  natural  formation,  or  the  principles  of 
vegetable  physiology,  so  far  as  this  is  dependent  on  che- 
mistry. Under  the  second,  may  be  considered  in  detail 
the  chemical  properties  and  relations  of  the  several  vege- 
table products.  And  to  the  third,  will  belong  the  consi- 
deration of  their  general  analysis,  and  the  chemical  changes 
they  suffer,  either  spontaneously,  or  when  placed  under 
peculiar  circumstances. 
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CHAP.  1. 

OF  THE  FORMATION  OF  VEGETABLE  SUBSTANCES,  OK  THE 
CHEMICAL  PHYSIOLOGY  OF  VEGETABLES. 

In  entering  on  this  interesting  subject,  it  is  necessary  to 
five  a concise  view  of  the  structure  and  functions  ot 

n 

plants,  at  least  in  so  far  as  these  are  related  to  the  chemi- 
cal processes  carried  on  in  the  vegetable  system,  by  which 
the  numerous  products  ot  vegetation  are  iormed. 

The  structure  of  plants  is,  in  many  respects,  analogous 
to  that  of  animals.  Compared,  indeed,  with  that  of  the 
higher  orders  of  these,  it  is  more  simple  : there  are  no  or- 


tribes  of  animals,  all  these  organs  are  not  uniformly  pre- 
sent ; and  in  the  general  frame  of  vegetables,  we  discover 
that  arrangement  which  is  in  strict  propriety  named  or- 
ganized. There  are  solid  parts  through  which  vessels  con- 
veying fluids  are  distributed,  and  organs  in  which  functions 
similar  to  those  of  animals  are  performed. 

The  organized  structure  of  vegetables  is  best  discover- 
ed in  the  larger  and  more  perfect  plants.  These  consist 
of  a stem  or  trunk,  which,  at  its  insertion  into  the  earth, 
divides  generally,  forming  the  root,  and  at  its  upper  ex- 
tremity terminates  in  branches,  to  which  the  leaves  anti 
parts  of  fructification  are  attached. 

On  making  a transverse  section  of  any  of  these  solid 
parts,  a difference  of  structure  is  observed.  In  the  centre 
is  a soft  substance,  which  is  named  the  Pith  ; external  to 
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this  is  the  Wood,  more  hard  and  compact;  and  over  the 
whole  is  an  outer  rough  covering,  the  Bark. 

The  Bark  is  composed  of  three  parts, — the  epidermis, 
or  external  rough  covering,  consisting  of  numerous  layers; 
the  cellular  tissue  beneath,  composed  of  fibres  interlaced 
so  as  to  leave  interstices,  which  appear  to  be  filled  with  a 
softer  matter  of  a green  colour ; and  the  cortical  layers 
next  to  the  wood,  and  approaching  to  it  in  structure ; and 
through  these  parts  numerous  minute  vessels  run.  The 
Wood  is  denser  than  the  bark.  It  is  fibrous,  and  is  com- 
posed of  layers  or  zones,  formed  annually,  and  varying  in 
density  and  size,  as  vegetation  has  been  more  or  less  vigo- 
rous. The  wood  next  to  the  bark  is  softer,  and  has  been 
named  Alburnum.  The  Pith,  or  Medulla,  in  the  centre,  is 
softer,  and  more  cellular : it  is  most  abundant  and  most 
succulent  in  young  plants  ; is  diminished  and  nearly  obli- 
terated by  age,  and  appears  to  be  of  little  importance,  as 
it  may  be  extracted  without  injury  to  the  plant. 

Attached  to  the  stem  or  branches,  are  the  Leaves.  Their 
structure  is  fibrous  and  interlaced,  covered  on  each  sur- 
face with  a fine  membrane,  and  having  numerous  vessels 
inosculating  freely  with  each  other.  The  superior  surface 
is  in  general  more  smooth  and  shining  than  the  inferior  ; 
the  latter  has  more  asperities.  These  surfaces  perform 
different  functions.  By  the  under  surface  absorption  prin- 
cipally is  performed,  as  Bonnet  established  by  numerous 
experiments  * ; water,  or  watery  vapour,  being  taken  in, 
when  in  contact  with  it ; and  vapour  from  the  atmosphere, 
or  dew,  being  probably  absorbed  in  the  natural  situation. 
By  the  same  surface,  transpiration  appears  to  be  perform- 
ed, as  the  experiments  of  the  same  author  proved,  and  as 
has  since  been  confirmed  by  Knight, — a plate  of  glass  ap- 
plied to  the  under  side  of  a large  vine  leaf,  in  connection 
with  the  plant,  being  soon  covered  with  humidity,  while 


* Jfccherclies  sur  l’Usage  ties  Feuilles. 
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from  contact  with  the  upper  part  of  the  leaf,  no  portion 
ol  moisture  appeared  The  upper  surface  appears  prin- 
cipally destined  to  expose  the  fluid  circulating  through  it 
to  the  chemical  agency  of  light,  and  probably  to  emit  the 
aerial  matter  arising  from  the  decomposition  of  the  circu- 
lating sap ; and  Ingenhousz  accordingly  found,  that  the 
leaves  furnish  an  air  containing  more  oxygen,  when  their 
upper,  than  when  their  under  sides  are  exposed  to  lightf. 
So  well  adapted  are  these  surfaces  to  the  performance  of 
their  respective  functions,  that  when  their  position  is  re- 
versed, the  plant  makes  every  effort  to  regain  that  which 
is  natural  to  them.  The  leaves  of  some  plants  even  fol- 
low the  course  of  the  sun,  presenting  always  their  upper 
surface  to  the  direct  rays  of  light.  The  importance  of  the 
functions  the  leaves  perform,  is  sufficiently  demonstrated 
by  the  fact,  that  when  they  are  destroyed  the  plant  soon 
decays  and  dies. 

There  is  much  difficulty  in  tracing  the  vessels  of  plants, 
their  connections  and  terminations,  and  the  course  ol  the 
fluids  they  convey.  Hence  the  different  opinions  that  have 
been  advanced  with  regard  to  them.  Naturalists  have  a- 
greed  in  distinguishing  three  kinds ; — the  common  vessels, 
or  those  which  convey  the  common  juice  or  sap  ; the  spi- 
ral vessels,  which  principally  accompany  these ; and  the 
proper  vessels,  or  those  which  contain  the  peculiar  juices 
of  the  plant  after  they  are  formed. 

The  first  of  these,  the  common  vessels,  occur  chiefly 
beneath  the  cellular  tissue  of  the  root,  stem,  and  branches, 
and  rise  longitudinally  from  the  root  to  the  leaves  and 
flowers : they  are  discovered  by  immersing  the  root  of  a 
growing  plant  in  a coloured  vegetable  infusion : it  soon 
ascends  in  them,  and  may  be  traced  to  the  leaf.  Vessels 


* Philosophical  Transactions,  1805,  p.  278. 
t Experiences  sur  les  Vegetaux,  tom.  ii.  p.  1P5. 
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apparently  similar  run  from  the  epidermis  in  an  oblique 
or  horizorltal  direction. 

The  proper  vessels  are  situated  principally  in  the  cellu- 
lar tissue  and  internal  bark : they  appear  to  descend  from 
the  upper  parts  of  the  vegetable,  and  to  convey  a fluid 
downward.  This  is  proved  by  the  facts,  that  a coloured 
liquid  does  not  ascend  in  them,  as  in  the  common  vessels, 
when  the  root  is  immersed  in  it,  and  that,  when  the  stem 
or  a large  branch  of  a plant  is  cut  across,  the  proper  juice 
issues  from  the  upper  margin  of  the  incision.  As  the  com- 
mon vessels  can  thus  be  traced  upwards  from  the  root  to 
the  leaves,  and  the  proper  vessels  convey  a fluid  in  the  op- 
posite direction,  it  seems  to  follow,  that  the  connection  be- 
tween them  is  established  in  the  leaf.  Darwin  conjectur- 
ed, that  the  central  vessel,  or  bundle  of  vessels,  which  runs 
from  the  stalk  to  the  apex  of  the  leaf  branching  out  in 
minute  ramifications  which  communicate  with  each  other, 
is  formed  by  the  union  of  smaller  sap-vessels,  and  that  it 
performs  the  office  of  a pulmonary  artery,  distributing  the 
sap  over  the  surface  of  the  leaf,  and  exposing  it  to  the 
chemical  action  of  the  air  and  light.  From  the  extremi- 
ties of  the  ramifications  of  this  vessel,  this  fluid,  thus  chang- 
ed, returns,  he  supposed,  by  other  vessels  which  pass  along 
the  under  surface  of  the  leaf,  unite  at  the  footstalk,  and 
form  larger  vessels,  by  which  it  is  conveyed  to  other  parts 
of  the  plant.  He  established  this  opinion  by  various  ex- 
periments in  which  coloured  infusions  were  found  to  rise 
from  the  stem,  and  to  pass  along  the  middle  rib  of  each 
leaf,  and  into  numerous  branches  to  its  extremity,  upon 
its  upper  surface ; in  its  progress  it  appeared  to  be  chang- 
ed into  a milky  fluid  which  returned  by  branches  on  the 
under  surface ; these  forming  into  two  large  vessels,  one 
on  each  side  of  the  vessel  in  the  centre  conveying  the 
coloured  liquid,  passed  to  the  foot-stalk.  The  fluid  pre- 
pared in  this  circulation  through  the  leaf,  Darwin  sup- 
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posed  to  be  expended  in  the  various  secretions,  and  in  the 
growth  and  nourishment  of  the  plant  *. 

Mr  Knight  drew  afterwards  the  same  conclusions  f.  He 
found  that  when  an  incision  is  made  round  the  stem  of  a 
plant,  removing  the  bark,  so  as  to  cut  off  the  connection 
°t  die  stem  by  the  medium  of  the  bark  with  the  leaves,  it 
did  not  grow  nor  shoot  out  branches  below  the  incision, 
but  grew  as  usual  above  the  incision,  which  appeared  to 
prove  that  the  sap  rising  from  the  root  through  the  wood, 
is  prepared  in  the  leaves  for  assimilation,  and  returns  by- 
vessels  descending  through  the  bark,  to  be  subservient  to 
the  nutrition  of  the  plant.  He  farther  endeavoured  to 
trace  the  course  of  the  sap  into  the  leaf,  and  its  return  to 
the  other  parts  of  the  plant.  I he  sap- vessels  are  easily 
traced  from  the  root  through  the  soft  wood  to  the  young 
stalks ; the  object  was,  to  trace  them  farther.  Having 
placed  the  stalk  of  the  shoot  in  a deeply-tinged  vegetable 
infusion,  he  found  that  the  coloured  liquid  passed  up  the 
pores  of  the  wood  into  the  leaves  without  having  coloured 
the  bark.  He  farther  found,  that  the  leaf  is  attached  to 
the  wood  by  tubes,  or  bundles  of  tubes,  through  which  the 
infusion  had  passed.  These  tubes,  which  he  considers  as 
different  from  the  common  or  sap-vessels  in  the  alburnum, 
he  named  Central  vessels:  they  begin  below  the  leaf,  and 
extend  to  its  extremities,  where  they  appear  to  terminate. 
Lying  parallel  with  these  vessels,  are  others  which  are 
colourless,  and  appear  to  convey  a different  fluid.  They 
seem  to  return  the  sap  to  the  tree:  for  when  a leaf  was 
cut  off  which  had  imbibed  a coloured  infusion,  the  native 
juices  of  the  plant  flowed  from  these  vessels  apparently 
unaltered,  as  Darwin  had  before  observed.  They  descend 
through  the  inner  bark,  and  extend  from  the  extremities 
of  the  leaves  to  the  roots. 


* Botanic  Garden,  Notes,  vol.  f.  p.  430.  435, 
i Philosophical  Transactions,  1S01. 
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In  conformity  to  these  facts,  Mr  Knight  gives  the  lol- 
lowing  view  of  the  circulation  of  the  fluids  in  plants,  the 
same  indeed  as  had  been  before  given  by  Darwin. 

The  sap  is  absorbed  by  the  common  vessels  originating 
at  the  extremities  of  the  roots,  and  rising  through  the  al- 
burnum of  the  root,  stem,  and  branches ; in  the  branches 
it  passes  into  the  central  vessels,  through  them  into  the 
leaf-stalk,  and  ultimately  into  the  leaf.  There  it  is  expos- 
ed, in  the  ramifications  of  these  vessels,  to  the  action  of  the 
air  and  light,  and  is  converted  into  the  proper  juice  ol 
the  plant:  this  is  conveyed  by  the  proper  vessels  which 
have  their  origin  in  the  leaf,  and  unite  and  descend  through 
the  internal  bark.  In  its  progress  through  these  it  proba- 
bly undergoes  further  changes,  and  is  ultimately  converted 
into  the  solid  matter  and  various  products  of  the  plant  *. 

The  use  of  the  spiral  vessels  does  not  appear  very  ob- 
vious. They  are  always  empty,  hence  some  have  suppos- 
ed them  to  convey  air:  others  suppose  them  to  be  absor- 
bent vessels,  and  have  accounted  for  this  fact  from  their 
contractile  power,  in  consequence  of  which  they  discharge 
the  fluid  they  contain  when  cut.  As  they  are  found  prin- 
cipally connected  with  the  central  vessels  in  the  young- 
shoots,  and  in  any  other  part  of  the  plant  appear  harden- 
ed and  nearly  obliterated,  Mr  Knight  considers  them  as 
appendages  to  these  central  vessels,  which  facilitate  the 
propulsion  of  the  sap  into  the  leaf. 

In  the  general  structure  of  vegetables  now  described, 
there  exists  a striking  analogy  to  the  frame  of  animals  ; and 
from  this,  as  well  as  from  the  functions  they  perform,  it 
has  justly  been  inferred,  that  they  are  endowed  with  similar 
vital  powers.  At  one  period  it  was  attempted  to  account 
for  the  motions  of  vegetables  from  their  peculiar  mecha- 
nism, independent  of  any  living  force ; the  ascent  of  the 


* Philosophical  Transactions.  1801.  p.  .'ot.j  1803,  p 280  t 
1805,  P.  100. 


12 


OF  THE  CHEMICAL  PHYSIOLOGY 


sap  was  ascribed  to  capillary  attraction  ; and  the  move- 
ments of  different  parts  of  the  vegetable  were  supposed  to 
depend  on  the  elasticity  of  their  fibres.  But  such  causes 
are  altogether  inadequate.  Capillary  attraction  is  insuffi- 
cient to  account  for  the  motion  of  the  sap ; the  velocity 
\^jth  which  it  ascends;  the  height  to  which  it  reaches;  for 
its  variable  motion  ; its  propulsion  and  discharge  when 
the  vessels  are  cut : or  for  the  descent  of  the  fluid  in  the  pro- 
per vessels.  Nor  can  the  elasticity  of  the  fibres  of  plants 
account  for  the  spontaneous  movements  of  their  leaves  and 
flowers,  or  of  those  motions  which  they  perform  when  ex- 
cited by  external  impressions.  The  similarity  of  these 
actions  and  motions  in  the  vegetable  system,  to  those  per- 
formed in  the  animal  system,  for  the  attainment  of  simi- 
lar ends,  proves  that  they  originate  in  a similar  cause,  and 
leads  to  the  conclusion,  that  irritability,  or  the  suscepti- 
bility of  contraction  from  the  application  of  external  agents, 
belongs  to  the  vegetable  as  well  as  to  the  animal  system. 
From  the  structure  of  vegetables,  and  in  particular  the 
greater  rigidity  of  their  parts,  its  operation  is  not  indeed 
so  unequivocally  perceived.  But  the  functions  they  per- 
form ;^-the  absorption  of  external  matter ; the  propulsion 
of  the  sap  ; the  secretions  whence  new  products  are  form- 
ed ; the  motions  of  their  leaves  ; their  susceptibility  to  the 
impression  of  external  agents,  light,  heat,  moisture,  and 
electricity ; their  growth  ; and  the  formation  and  evolu- 
tion of  the  embryo  plant  with  similar  powers  ; are  pheno- 
mena inexplicable  on  any  principles  of  mechanism,  and 
obviously  dependent  on  vital  power.  This  power  observes, 
even  in  its  relation  to  external  3gents,  nearly  the  same 
laws  as  animal  vitality.  The  functions  dependent  on  it 
require  to  be  excited  by  the  application  of  external  agents ; 
hence  the  necessity  of  the  due  application  of  heat,  light, 
air,  and  water  : if  these  are  withdrawn,  they  languish,  and 
the  irritability  of  the  plant  accumulates ; if  they  are  ap- 
plied in  excess,  it  is  impaired  ; and,  lastly,  if  by  a pre- 


OF  VEGETABLES. 


19 

vious  abstraction  of  the  usual  stimulants,  the  irritability  has 
been  accumulated,  more  vigorous  action  ensues  on  their 
re-application,  or,  if  too  suddenly  and  forcibly  applied, 
an  exhaustion  of  power  takes  place.  The  effects  of  soil, 
of  moisture,  of  heat,  light,  and  electricity,  on  plants ; their 
sleep,  germination,  efflorescence,  fructification,  and  de- 
cay, afford  many  beautiful  illustrations  of  the  operation  ol 
this  principle,  in  conformity  to  these  laws. 

The  preceding  observations  on  the  structure  and  mov- 
ing powers  of  vegetables,  lead  to  the  consideration  of  the 
functions  on  which  their  growth  is  dependent,  and  by 
which,  from  new  combinations,  their  products  are  formed. 

Absorption  takes  place  in  vegetables,  particularly  by 
their  roots.  This  absorption  is  not  indiscriminate,  other- 
wise plants  should  contain  all  the  principles  of  the  soil  m 
which  they  grow.  Neither  is  it  pure  water  only  that  is 
absorbed,  but  water  holding  in  solution  or  in  suspension 
such  substances  as  contribute  to  the  nourishment  of  the 
plant.  This  is  the  source  of  the  sap  or  common  juice, 
which  is  found  in  different  states  at  different  periods.  In 
winter  it  is  in  small  quantity ; in  spring  and  summer  it  is 
more  abundant;  in  autumn  it  becomes  thicker  and  less 
copious ; changes  which  may  arise  from  the  action  of  the 
sap- vessels,  from  intermixture  of  the  proper  juices,  or  from 
the  solution  of  part  of  the  solid  matter  through  which  it 
is  conveyed.  This  last  circumstance,  Darwin  supposed 
to  have  the  most  important  influence.  He  supposed,  that 
when  vegetation  is  vigorous,  as  it  is  in  the  summer  and 
commencement  of  autumn,  nutritious  matter  is  formed  by 
the  leaves,  and  is  deposited  as  a reservoir  of  nutriment  in 
the  alburnum,  or  in  herbaceous  plants  in  the  roots ; that 
on  the  revival  of  vegetation  in  the  spring,  this  is  dissolved 
by  the  fluid  absorbed  from  the  soil,  and  serves  for  the  for- 
mation of  new  buds  and  leaves.  Hence,  as  he  remarks, 
the  leaves  of  the  lower  branches  of  trees  are  usually  first 
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expanded  *.  Mr  Knight,  who  has  stated  the  same  view, 
found  in  conformity  to  it,  that  the  sap  in  spring  has  a 
greater  specific  gravity,  and  possesses  qualities  indicating 
a quantity  of  matter  to  be  dissolved  in  it,  in  a higher  de- 
gree, as  it  is  taken  at  a greater  height  from  the  root ; 
while  the  wood  of  the  stem  or  large  branches,  cut  down 
in  winter,  has  a greater  specific  gravity,  and  contains 
more  extractive  matter  soluble  in  water,  than  the  wood  of 
the  same  species  of  tree  cut  down  about  the  commence- 
ment of  summer  f. 

T The  sap  of  different  vegetables  has  been  examined  by 
V auquehn.  I he  sap  of  the  common  elm*  (Ulmus  cam- 
pestns),  he  found  to  contain  vegetable  matter,  acetate  of 
potash,  carbonate  of  lime,  with  slight  traces  of  sulphate 
and  muriate  of  potash,  the  vegetable  matter  being  in  larg- 
er proportion,  as  it  was  taken  from  the  plant  late  in  the 
season.  The  sap  of  the  beech,  (Fagus  sylvestris),  besides 
vegetable  extractive  matter,  contained  some  tannin,  gallic 
acid,  and  free  acetic  acid,  without  any  carbonate  of  time, 
but  with  a portion  of  acetate  of  lime.  The  sap  of  the 
birch  with  extractive,  contained  also  saccharine  matter, 
acetic  acid,  acetate  of  lime,  and  nitrate  of  potash  f.  Chap- 
tal  found  in  the  saps  of  various  vegetables,  a quantity  of 
vegetable  extractive  matter,  having  the  characters  of  the 
matter  which  constitutes  the  ligneous  fibre,  which  was 
slowly  precipitated  on  standing  either  with  or  without  the 
admission  of  the  air,  and  which  was  also  precipitated  by 
acids,  alkalis,  and  other  re-agents  ||.  According  to  Mr 

Knight’s  observations,  the  sap  always  contains  a large  por- 
tion of  air.  ° 1 

Not  only  is  absorption  performed  by  the  vessels  in  the 

* Phytologia,  p.  28.  52.  158.  165. 

f 1 Iiilosopliical  transactions,  1805,  p.  70.  101. 

f Annales  tie  Chimie,  tom.  xxxi.  p,  20. 

I|  Me  mo  ires  de  ITnstitut.  National,  tom.  i.  p.  2SS. 
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roots ; it  takes  place  also  at  the  surface  of  the  bark  and 
leaves.  Absorbent  vessels  run  from  the  bark  in  a hori- 
zontal direction,  and  the  fact  of  absorption  by  them  is  de- 
monstrated, by  the  increase  of  weight  which  a branch  from 
a tree  gains  by  exposure  to  dew,  or  to  a humid  atmosphere. 

Perspiration,  by  which  a fluid  or  vapour  is  exhaled, 
counterbalances  absorption.  Numerous  experiments  prove 
its  existence  in  vegetables.  On  placing  a growing  plant 
under  a glass  receiver,  a fluid  is  soon  condensed  on  the 
internal  surface,  which  appears  to  be  water,  with  a slight- 
ly odorous  impregnation.  The  quantity  perspired  differs 
under  various  circumstances.  It  is  increased  by  heat,  by 
light,  and  by  a dry  atmosphere.  In  the  experiments  of 
Hales,  a sunflower,  three  feet  high,  w7as  found  to  trans- 
mit by  transpiration,  in  twelve  hours  in  the  day-time, 
about  twenty  ounces  of  fluid.  This  function  appears  to 
be  performed  by  the  leaves,  and  principally  by  their  under 
surface.  There  also  exist  numerous  pores  in  the  bark, 
through  which,  probably,  a discharge  of  fluid  takes  place. 

Respiration  is  another  function  which  plants  perform  ; 
they  are  at  least  affected  by,  and  produce  changes  in  the 
atmosphere,  and  in  other  aerial  fluids.  The  nature  of 
these,  though  it  has  been  the  subject  of  numerous  experi- 
ments, is  still  imperfectly  known  ; and  the  statement  of 
this  function,  so  important  in  relation  to  the  chemical 
physiology  of  vegetables,  requires  some  details. 

Priestley,  from  some  experiments,  inferred,  that  plants 
growing  in  air  vitiated  by  combustion  or  the  respiration 
of  animals  restore  its  purity..  He  afterwTards  investigated 
the  subject  more  fully;  and  though  the  results  of  his  ex- 
periments were  variable,  he  found,  that  in  many  of  them, 
when  a plant,  or  the  shoot  of  a plant,  w'as  placed  in  air 
which  had  been  vitiated  by  respiration  or  the  combustion 
of  a taper,  in  which,  of  course,  carbonic  acid  was  present, 
while  the  oxygen  was  abstracted,  in  a few'  days  the  air  had 
received  an  accession  of  oxygen  gas ; and,  in  some  cases. 
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the  proportion  appears  to  have  been  increased  to  even, 
more  than  the  usual  proportion  in  atmospheric  air  *. 
And,  in  subsequent  experiments  he  found,  that  air  con- 
taining a large  proportion  of  oxygen  was  evolved  from 
aquatic  plants  immersed  in  water,  and  exposed  to  solar 
light  f. 

This  office,  apparently  performed  by  the  vegetable  king- 
dom, opened  an  admirable  view  of  adjustment  in  the  eco- 
nomy of  nature.  All  the  tribes  of  animals  consume  the 
oxygen  of  the  air  which  they  breathe,  and  form  carbonic 
acid  gas,  which  they  expire ; and  the  necessary  effect  of 
both  these  operations  is  to  render  the  atmosphere  less  fit 
to  support  life.  There  must,  therefore,  be  causes  equally 
constant  and  general  in  their  action  by  which  this  is  coun- 
teracted, and  the  purity  of  the  air  preserved.  This  was 
supposed  to  be  performed  by  the  vegetable  kingdom, — 
growing  plants  giving  oxygen  to  the  atmosphere,  and  ab- 
sorbing from  it,  and  decomposing  carbonic  acid.  The  one 
tribe  of  animated  beings,  therefore,  appear  opposed  to  the 
other  in  the  changes  they  induce  on  the  air  which  is  in- 
dispensable to  both ; and,  by  these  reciprocal  changes,  it 
is  preserved  in  a state  adapted  to  the  support  of  each. 

Priestley’s  experiments,  however,  were  not  uniform,  and 
in  many  of  them,  the  changes  produced  by  vegetation  in 
the  air  appeared  to  be  even  the  reverse.  He  often  found, 
that  the  vitiated  air  was  not  ameliorated,  sometimes  it  was 
even  farther  injured ; and  in  other  experiments  he  found, 
that  common  air  was  diminished,  and  rendered  noxious  f . 
Scheele,  in  experiments  made  nearly  at  the  same  time, 
found  that  the  purity  of  the  air  was  always  injured  both 
by  germination  and  vegetation  : and  he  added  the  general 
result,  that  he  had  “ preserved  fresh  roots,  fruits,  herbs, 


* Experiments  on  Air,  vol.  iv.  s ct.  28. 
t Ibid.  vol.  v.  sect.  2. 
t Ibid.  vol.  iv.  p.  299.  501.  521. 
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flowers,  and  leaves,  each  separately  in  a matrass,  and 
found,  after  some  days,  one-fouuth  of  the  air  changed  into 
aerial  acid 

The  evolution  of  oxygen  by  vegetables  appeared  on  the 
other  hand  to  be  established  in  a series  of  experiments  by 
Ingenhousz.  He  found  that  from  the  leaves  of  vegetables, 
from  their  green  branches,  or  even  from  the  entire  vege- 
table, when  placed  under  water  and  exposed  to  the  solar 
light,  oxygen  gas  is  evolved  f ; and,  as  the  result  of  his 
numerous  experiments,  he  adopted  the  conclusion,  that 
oxygen  is  elaborated  in  the  leaves  or  other  organs  of  vege- 
tables, by  a vital  action  excited  and  sustained  by  solar  light 
This  latter  conclusion  he  supposed  to  be  proved  by  the 
facts,  that  after  a short  time,  the  emission  of  oxygen  ceas- 
ed, from  the  vessels  of  the  leaf  losing,  as  he  supposed,  their 
vital  powers  ; and  that  leaves  which  had  been  bruised  gave 
out  no  oxygen,  while  the  leaves  of  the  same  plant  detach- 
ed from  it,  but  without  this  destruction  of  organization, 
gave  oxygen,  the  other  circumstances  being  the  same. 
He  however  found,  that  when  light  is  excluded,  not  only 
does  the  evolution  of  oxygen  cease,  but  the  plant,  either 
in  atmospheric  air,  or  in  oxygen  gas,  consumes  oxygen 
and  produces  carbonic  acid  ; and  the  general  result  of  his 
experiments,  as  he  announces  it,  is,  that  vegetables  dete- 
riorate the  atmosphere,  except  when  exposed  to  direct  so- 
lar light  || . 

These  experiments  were  always  liable,  from  the  manner 
in  which  they  were  made,  to  the  objection,  that  the  oxy- 
gen evolved  might  be  the  product  of  the  action  of  the  so- 
lar light  on  the  water ; the  vegetable  matter  affording  a 
surface,  which  presented  the  water  in  a favourable  manner 


* Experiments  on  Air  and  Fire,  p.  L50. 

f Experiences  sur  les  Vegetaux,  tom.  i.  p.  22.  105.  2'6.  ike. 

t Ibid.  tom.  i.  p.  4o.  91. 

il  Ibid.  tom.  i.  p.  61.  251.  j tom.  ii.  p.  4.9.  102. 

VOL.  IV.  B 


18 


OF  THE  CHEMICAL  PHYSIOLOGY 


to  this  action;  and  this  appeared  to  be  rendered  probable 
by  the  fact  ascertained  both  by  Priestley  and  Ingenhousz, 
that  the  emission  of  oxygen  is  materially  dependent  on  the 
kind  of  water  in  which  the  vegetable  matter  is  immersed  ; 
being  more  abundant  from  well-water  than  trom  any  othei ; 
more  so  from  river-water  than  from  rain-water  ; and  less 
copious,  as  well  as  less  pure,  from  stagnant  water,  or  water 
that  had  been  boiled  or  distilled,  T.  he  evolution,  also,  in 
the  same  quantity  of  water,  continued  only  for  a limited 
time;  though  on  removing  the  water,  and  adding  a new 
quantity,  the  production  of  oxygen  took  place  as  before. 
These  facts  appeared  to  establish  the  conclusion,  that  the 
production  of  oxygen  is  not  the  result  of  any  function  of 
the  living  vegetable,  but  of  the  chemical  action  of  the  light 
on  the  w’ater,  or  on  the  humid  vegetable  matter. 

Yet  there  are  also  facts  which  appear  to  prove,  that  the 
leaf  operates  m consequence  of  its  organic  structuie,  and 
the  actions  connected  with  this.  1 hus,  Ingenhousz  found, 
that  in  exposing  to  solar  light,  in  separate  portions  ot  the 
same  water,  living  vegetables,  or  the  leaf  of  a plant  newly 
detached,  and  substances  which  might  equally  afford  a sur- 
face on  which  the  light  might  act,  as  pieces  of  silk  or  cloth, 
while  the  former  afforded  oxygen,  the  latter  gave  none  * * * § : 
the  oxygen  given  out  is  purer  when  the  upper  surface, 
than  when  the  under  surface  of  the  leaf  is  exposed  to  the 
light  f:  and  a larger  quantity  of  oxygen  is  given  out  from 
leaves  in  maturity  and  vigour,  than  from  those  which  are 
feeble,  and  imperfectly  developed  %.  While  the  leaves  give 
oxygen,  the  flowers  and  other  parts  of  the  plant  deterio- 
rate the  air  ||  : leaves  which  are  dead,  or  have  their  orga- 
nization destroyed,  give  out  no  oxygen  § : and,  lastly,  the 


* Philosophical  Transactions,  vol  lxxii.  p.  426. 

t Experiences  sur  les  Vegetaux,  tom.  ii.  p.  193. 

J Ibid.  tom.  i.  p.  108.  516.  ||  Ibid.  p.  67.  71.  269.  274. 

§ Ibid.  tom.  i.  p.  127, 
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quantity  of  oxygen  evolved  is  greater  than  can  be  derived 
from  the  air  which  water  holds  in  solution  ; and  the  water 
surrounding  the  leaf,  when  the  process  had  ceased,  instead 
ot  being  deprived  of  air,  is  saturated  with  it,  sparkles  when 
agitated,  and  gives  it  out  when  exposed  to  heat  *. 

Some  light  is  perhaps  thrown  on  this  subject  by  a fact 
announced  by  Sennebier,  and  confirmed  by  Woodhouse 
and  Saussure, — that  the  production  of  oxygen  depends 
partly  on  the  carbonic  acid  which  water  contains.  Priest- 
ley and  Ingenhousz  having  remarked  that  the  leaves  of 
plants  exposed  to  light  in  water  which  had  been  boiled, 
gave  no  oxygen  gas,  while,  when  placed  in  well-water, 
this  gas  is  emitted,  Sennebier  endeavoured  to  discover, 
what  circumstance  attending  the  well-water  favoured  this 
production  of  oxygen  ; he  supposed  it  might  be  a portion  _ 
of  carbonic  acid  contained  in  it,  the  decomposition  of  which 
afforded  oxygen:  he  therefore  impregnated  water  with  car- 
bonic acid,  and  compared  the  quantity  of  air  given  out, 
when  leaves  were  exposed  to  solar  light  in  this  water,  and 
in  common  water,  or  water  which  had  been  boiled.  In 
the  last,  he  found  no  air  to  be  given  out ; in  the  common 
water,  a little  was  evolved  ; and  a much  larger  quantity 
was  emitted  from  the  water  impregnated  with  carbonic 
acid : after  a certain  time,  the  impregnated  water  lost  this 
superiority,  and  it  lost  it  instantly  when  the  carbonic  acid 
was  abstracted  by  boiling,  or  by  the  addition  of  lime- 
water  ; while,  if  a little  acid  was  added,  to  disengage  the 
carbonic  acid  from  the  lime,  the  power  of  furnishing  oxy- 
gen was  restored  -j-.  Phcse  facts  have  been  confirmed  by 
other  authorities.  Ingenhousz  found,  that  vegetables  sub- 
mitted to  solar  light,  under  water  which  had  been  boiled 
strongly,  yield  no  oxygen;  but  on  impregnating  partially 
this  water  with  carbonic  acid,  oxygen  is  afforded  in  large 

* Philosophical  Transactions,  vol.  Ixxii.  p.  154. 
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quantity,  and  of  great  purity  * : and  Wood  house  found, 
that  the  air  produced  by  the  exposure  of  the  leaves  of  plants 
to  solar  light  in  river-water,  is  principally  nitrogen,  win  e 
that  from  the  same  water  with  carbonic  acid  is  oxygen  ol 
a high  degree  of  purity  f.  It  appears  to  be  proved,  there- 
fore, that  the  production  of  oxygen,  when  leaves  are  ex- 
posed immersed  in  water  to  the  solar  light,  depends  prin- 
cipally on  the  decomposition  of  carbonic  acid  contained  in 

the  water. 

A series  of  experiments  by  Rumford,  gave  results  appa- 
rently unfavourable  to  the  conclusion,  that  the  production 
of  oxygen  depends  on  any  function  connected  with  the  or- 
ganization of  the  leaf:  various  inorganic  substances,  as  silk, 
cotton,  and  linen,  immersed  in  water,  and  exposed  to  solar 
light,  gave  out  oxygen  gas,  some  ol  them  as  largely  and 
in  as  great  purity  as  vegetables  do:};.  In  these  experiments, 
however,  the  air  was  not  withdrawn  until  after  several 
days  ; and  Ingenhousz  justly  remarked,  that  the  produc- 
tion of  the  oxygen  might  be  from  the  peculiar  green  mat- 
ter which  is  always  generated  when  wrater  is  exposed  to 
light  w ith  any  vegetable  or  animal  matter.  Rumford  him- 
self indeed  states,  that  the  water  acquired  a greenish  tinge  ; 
and  that  on  examining  it,  he  found,  that  this  green  matter 
had  been  formed  : and  where  the  evolution  of  air  took 
place  sooner  than  any  matter  of  this  kind  was  generated, 
it  was  found,  with  the  exception,  in  one  or  two  experiments 
of  the  air  from  raw  silk,  to  be  not  oxygen,  but  “ was  much 
worse  than  common  air and  it  was  only  after  the  fifth 
or  sixth  day,  when  the  production  of  the  green  matter 
might  have  taken  place,  that  the  production  of  oxygen 
commenced.  And  in  employing  a substance,  such  as  fine- 
spun glass,  which  could  exert  no  chemical  agency  on  the 


* Experiences  sur  les  Vegetaux,  tom.  ii.  p.  282.  296.  40S. 
i Nicholson’s  Journal,  Svo,  vol.  ii.  p.  157. 
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water,  nor  contribute  to  the  production  of  this  green  mat- 
ter, but  merely  afford  a surface,  whence  the  air  contained 
in  the  water  might  be  extricated  by  the  agency  of  light, — 
very  little  air  was  extricated,  and  the  small  quantity  obtain- 
ed was  rather  worse  than  common  air.  These  experi- 
ments, therefore,  rather  confirm  than  invalidate  those  of 
Priestley  and  Ingenhousz. 

It  is  more  satisfactory,  however,  to  determine  the 
changes  occasioned  in  the  surrounding  air  by  a vegetable 
in  its  natural  situation.  This  has  often  been  the  subject  of 
experiment,  but  with  results  far  from  being  uniform. 

Priestley  observed  that  air  injured  by  respiration,  or 
combustion,  was  ameliorated  by  plants  growing  in  it  #. 
Sometimes,  indeed,  it  was  rather  farther  injured ; but  in 
this  case  the  plant  confined  in  the  air  was  growing  in  earth ; 
and  the  action  of  the  vegetable  mould  might  have  given 
rise  to  the  result.  In  other  cases,  where  he  introduced 
the  flexible  shoots  of  plants,  by  bending  them,  into  jars  of 
air,  the  air  was  ameliorated  f.  Pie  farther  found,  that 
plants  did  not  flourish  when  their  branches  were  introduced 
into  oxygen  gas  ; nor  when  they  were  confined  in  carbonic 
acid  gas,  either  pure  or  mixed  with  atmospheric  air.  Dr 
Percival  had  observed,  however,  that  carbonic  acid  gas, 
supplied  to  growing  vegetables  in  a small  proportion,  was 
favourable  to  their  growth  f . And  Henry  senior  had  ob- 
tained the  same  result  j|.  Ingenhousz  had  remarked,  that 
plants,  confined  in  an  atmosphere  containing  a portion  of 
carbonic  gas,  decompose  it,  and  convert  it  into  oxygen 
gas,  when  exposed  to  solar  light ; but  the  direct  applica- 
tion of  this  light  is  necessary  for  this;  so  that,  when  it  is 
even  partially  admitted,  the  conversion  does  take  place, 


* Experiments  on  Air,  vol.  i.  p.  91. 
f Ibid.  vol.  iv.  p.  5Q0.  505.  507. 
t Manchester  Memoirs,  vol.  ii.  p.  516. 
!]  Ibid.  vol.  ii.  p.  557. 
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and,  in  a dark  place,  oxygen  is  consumed,  and  converted 
into  carbonic  acid  *.  He  farther  observed,  that  aii  vi- 
tiated by  respiration  is  restored  to  purity,  by  shoots  01 
branches  of  plants  being  confined  in  bottles  filled  with  it, 
and  exposed  to  the  solar  light ; and  this  happens  without 
the  presence  of  water  f.  The  experiments  ol  Sennebiei 
correspond  with  these.  He  found,  that  the  air  inclosed 
with  the  branches  of  plants  under  glass  receivers,  placed 
over  water,  and  exposed  to  the  sun,  was  a little  amelio- 
rated ; and  was  still  more  so,  when  the  branches  were  re- 
moved during  the  night,  and  were  renewed  every  day  : 
and  that  when  branches  were  exposed  to  the  light  in  this 
manner  in  nitrogen  or  hydrogen  gas,  there  was  progres- 
sively an  addition  of  oxygen  f. 

Dr  Woodhouse,  professor  of  chemistry  at  Philadelphia, 
confined  plants  in  atmospheric  air,  exposing  them  at  the 
same  time  to  solar  light.  “ Carbonic  acid  gas  was  gene- 
rally formed  ; and  whenever  this  circumstance  happened, 
the  purity  of  the  air  was  diminished.”  1 he  results  were 
similar  when  they  were  confined  in  oxygen  gas.  But  in- 
stead of  considering  these  changes  as  arising  Irom  functions 
performed  by  the  living  plant,  he  concluded,  that  the  pro- 
duction of  the  carbonic  acid  is  from  the  leaves  of  the  plant 
decaying,  and  the  oxygen  of  the  air  uniting  with  their  car- 
bonaceous matter.  He  supposed  even  that  carbonic  acid 
is  decomposed  by  the  living  leaf,  its  carbon  retained,  and 
its  oxygen  evolved.  And  in  confirmation  of  this  he  states 
the  experiment,  that  when  leaves  of  plants  are  exposed  to 
solar  light  in  atmospheric  air,  having  a quantity  of  car- 
bonic acid  mixed  with  it,  the  carbonic  acid  disappears,  and 
the  atmospheric  air  increases  in  purity.  He  found  also,  that 
leaves  immersed  in  water  containing  carbonic  acid,  afford- 


* Experiences  sur  les  Vegetaux,  tom.  i.  p.  52.  265. 
+ Journal  tie  Physique,  tom.  xxviii.  p.  84.  88. 
t Physiologic  Vegetale,  tom.  iii.  p.  257. 
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ed  oxygen  on  exposure  to  solar  light ; while,  it  the  water 
contained  no  carbonic  acid,  they  afforded  principally  ni- 
trogen. Hence  he  concludes,  that  in  all  cases  where  oxy- 
gen is  produced  by  vegetables,  it  is  derived  from  the  de- 
composition of  carbonic  acid ; and  as  little  ot  this  gas  is 
contained  in  the  atmosphere,  he  supposes  that  the  vege- 
table kingdom  can  have  little  effect  in  preserving  the  pu- 
rity of  atmospheric  air  *. 

Theodore  de  Saussure  had  also  formed  the  opinion,  that 
carbonic  acid  is  decomposed  by  growing  vegetables,  and 
that  this  is  the  source  of  the  carbon  ol  the  plant,  and  ol 
the  oxygen  it  evolves.  Hence  his  experiments,  in  his  ex- 
tensive investigation  of  this  subject  f,  were  directed  to  esta- 
blish the  facts  with  regard  to  this;  and  in  nearly  all  of 
them  plants  were  exposed  to  atmospheric  air,  with  an  ad- 
mixture of  carbonic  acid  gas.  When  the  proportion  ol 
this  gas  did  not  exceed  a twelfth  part  ot  the  atmospheric 
air,  it  proved  favourable  to  vegetation,  and  the  plant 
flourished  more  than  in  common  air : when  it  exceeded 
this  much,  it  was  prejudicial;  and  in  an  air  consisting  ol 
half  of  its  volume  of  carbonic  acid  gas,  the  plants  perish- 
ed in  seven  days.  Oxygen,  he  also  found,  must  be  pre- 
sent to  admit  of  the  plant  receiving  benefit  from  the  ad- 
mixture of  carbonic  acid  gas.  In  the  atmosphere,  of  which 
carbonic  acid  forms  a part,  the  carbonic  acid  he  found  to 
be  always  consumed  ; its  carbon  enters  into  the  composi- 
tion of  the  vegetable  matter,  and  part  of  its  oxygen  is  ex- 
pended in  the  same  manner,  while  the  remaining  oxygen, 
with  a small  proportion  of  nitrogen,  are  exhaled. 

Thus  seven  plants  of  Vinca  minor  were  confined  in  a 
mixture  of  atmospheric  air  and  carbonic  acid  gas,  (the  lat- 
ter amounting  to  7i  parts  in  100),  the  roots  of  the  plants 
being  in  a separate  vessel,  and  were  exposed  six  successive 


* Nicholson’s  Journal,  8vo,  vol.  ii.  p.  150. 
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days  to  the  direct  rays  of  the  sun.  On  the  seventli  day 
the  air  had  suffered  no  alteration  in  volume;  but  in  its 
composition  it  was  entirely  changed  : lime-water  gave  no 
indication  of  any  carbonic  acid  in  it,  while  the  proportion 

24,1 

of  oxygen  amounted  to  ^ ; the  original  proportion  being 
~ . The  quantity  of  carbonic  acid  gas,  amounting  to  21 2 
cubic  inches,  had  been  consumed ; if  the  oxygen  of  this 
had  been  all  emitted,  it  would  have  occupied  the  same  vo- 
lume ; but  the  quantity  amounted  only  to  IT]  cubic  inches; 
lienee  7 cubic  inches  of  oxygen,  or  about  the  half  of  that 
discharged,  was  retained  by  the  plant  and  assimilated,  while 
a portion  of  nitrogen  gas  (7  cubic  inches)  had  been  ex- 
haled by  it. 

From  a comparative  experiment,  Saussure  adds,  he 
found  that  the  seven  plants  of  Vinca  minor  would  have 
furnished,  by  decomposition,  9.95  grains  of  charcoal,  pre- 
vious to  exposure  to  the  atmosphere  containing  carbonic 
acid  gas ; while  the  same  plants,  after  that  exposure,  af- 
forded of  charcoal  12.23  grains.  These  results  were  con- 
firmed by  a number  of  experiments  on  other  plants,  (Men- 
tha aquatica,  Lythrium  salicaria,  Pinusgenevensis,  Cactus 
opuntia),  and  the  general  conclusion  drawn,  that  under 
exposure  to  light,  plants  decompose  carbonic  acid  by  their 
leaves,  retain  its  carbon  and  part  of  its  oxygen,  the  re- 
maining oxygen  with  a portion  of  nitrogen  being  exhaled  *. 

It  is  this  decomposition  of  carbonic  acid,  according  to 
Saussure,  which  is  the  source  of  the  carbon  in  plants, 
since,  when  made  to  vegetate  in  pure  water  and  in  an  at- 
mosphere deprived  of  carbonic  acid,  he  found,  that  they 
increased  in  bulk  without  any  addition  of  carbon,  or  with 
even  a slight  diminution  of  it.  But  in  common  atmos- 
pheric air,  where  a small  portion  of  carbonic  acid  is  sup- 
plied to  them,  he  found,  (in  opposition  to  Hasscnfratz, 
who  had  stated  f,  that  plants  vegetating  in  pure  water, 
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and  in  atmospheric  air,  contain,  after  their  growth,  less  car- 
bon than  before),  that  the  proportion  of  carbon  is  augment- 
ed from  this  source.  Thus  the  roots  of  Mentha  piperita 
being  plunged  in  bottles  full  of  distilled  water,  and  allow- 
ed to  vegetate,  under  exposure  to  the  air  and  light,  it  was 
ascertained  by  comparative  experiments,  that  1 00  parts  by 
weight  of  the  plants  employed,  contained  48.29  of  dry 
vegetable  matter,  which  afforded  10.96  of  carbon  ; while 
after  vegetating  for  2^  months,  the  100  parts  had  increas- 
ed in  weight  to  216  parts,  w’hich  dried  weighed  62;  and 
from  these  were  obtained  15.78  of  charcoal.  A similar 
result  was  obtained,  when  beans  were  made  to  vegetate  in 
pieces  of  flint,  in  a glass  capsule,  and  supplied  with  distil- 
led water.  The  original  beans  gave  22i§  grains  of  char- 
coal: while,  after  vegetation  in  the  open  air  for  three 
months,  the  plants  afforded  51  grains*. 

When  light  is  not  present,  other  actions  are  exerted. 
Carbonic  acid,  instead  of  promoting  vegetation,  is  hurtful, 
and  is  not  decomposed,  or  is  decomposed  only  in  minute 
quantity.  In  atmospheric  air  freed  from  carbonic  acid, 
the  recent  leaves,  when  light  is  not  present,  consume  a por- 
tion of  the  oxygen,  and  after  a short  time  form  carbonic 
acid  gas  f.  This,  if  not  removed,  proves  injurious,  while 
the  plant  remains  in  obscurity.  But  if  light  be  admitted, 
it  is  rather  advantageous ; the  plant  again  decomposes  it, 
retains  its  carbon,  and  emits  its  oxygen. 

rl  he  summary  view,  therefore,  of  respiration  performed 
by  vegetables,  and  its  connection  with  their  growth,  as 
given  by  T.  Saussure,  is,  that  plants  under  exposure  to 
light,  absorb  and  decompose  carbonic  acid,  whether  sup- 
plied by  the  atmosphere,  by  water,  or  from  the  soil ; its 
carbon,  and  part  of  its  oxygen,  enter  into  their  composi- 
tion, and  the  remaining  oxygen  is  given  out.  In  darkness 
this  oxygen,  or  the  oxygen  of  the  surrounding  air,  is  again 
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consumed  ; it  acts  on  the  matter  of  the  plant,  combines 
with  its  carbon,  and  forms  carbonic  acid,  which  is  exhaled  , 
on  the  return  of  light  this  is  decomposed,  its  carbon  and 
part  of  its  oxygen  are  transferred  to  the  plant,  and  its  re- 
maining oxygen  emitted  ; and  hence,  it  a plant  be  exposed 
alternately  to  light  and  shade,  neither  the  volume  nor 
purity  of  the  air  is  altered  *. 

A series  of  experiments  was  published  by  Mr  Lllis  f, 
which  present  a more  simple  view  of  the  effects  ot  vegeta- 
tion on  atmospheric  air.  They  lead  to  the  conclusion, 
not  before,  I believe,  distinctly  advanced, — that  the  func- 
tion of  respiration  is,  as  to  its  results,  the  same  in  vege- 
tables as  in  animals;  that  the  former,  as  well  as  the  latter, 
in  all  situations,  consume  the  oxygen  of  the  air,  by  con- 
verting it  into  carbonic  acid. 

It  had  been  fully  established  by  the  experiments  of 
Scheele  and  others,  that,  during  the  process  of  germina- 
tion, oxygen  is  consumed  and  carbonic  acid  formed.  Mr 
Ellis  inferred  from  his  experiments,  that  the  same  changes 
continue  to  take  place  in  vegetation.  Having  allowed 
some  seeds  of  mustard  to  vegetate  on  moistened  flannel, 
until  they  had  grown  to  the  height  of  more  than  an  inch, 
he  introduced  them  into  a jar  of  atmospheric  air,  support- 
ing them  by  a small  hoop  with  netting.  Lime-water  was 
placed  beneath,  and  the  mouth  of  the  inverted  jar  was 
surrounded  with  water.  In  a few  hours  a thick  pellicle 
overspread  the  lime-water  : at  the  end  of  twenty-four  hours 
it  was  turbid,  and  the  water  had  risen  half  an  inch  within 
the  ]ar : at  the  end  of  the  third  day  it  had  risen  nearly  an 
inch  : the  plants  now  began  to  look  sickly,  gradually 
drooped*  and  by  the  ninth  day  fell  down  against  the  sides 
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of  the  jar.  The  residual  air  extinguished  a taper,  and 
rendered  lime-water  milky ; its  oxygen  therefore  had  been 
consumed,  and  carbonic  acid  formed. 

In  subsequent  experiments,  the  changes  in  the  air  were 
determined  with  still  more  precision,  and  were  always  found 
to  be  the  same.  Its  oxygen  was  uniformly  consumed  and 
replaced  by  carbonic  acid  gas,  the  proportion  of  which  was 
such,  that  there  was  on  the  whole  little  diminution  of  vo- 
lume. Carbonic  acid  gas,  Mr  Ellis  endeavours  to  shew, 
is  not  necessary  to  the  growth  of  plants ; since  the  plant 
dies  when  it  is  supplied  with  it,  if  oxygen  be  not  present; 
and,  on  the  other  hand,  it  lives  and  flourishes  as  long  as 
it  is  supplied  with  oxygen,  though  carbonic  acid  be  ab- 
stracted from  it.  The  results  in  Saussure’s  experiments, 
in  which  vegetation  appeared  to  be  interrupted,  and  even 
vegetable  life  destroyed,  when  carbonic  acid  was  entirely 
abstracted  from  a growing  plant,  by  inclosing  lime  in  the 
atmosphere  in  which  it  is  confined,  he  ascribes,  with  suffi- 
cient probability,  to  a deleterious  action  exerted  by  the 
lime ; and  the  fact  stated  on  the  authority  of  Saussure, 
that  the  lime  proved  injurious  only  when  the  plant  was 
exposed  to  sunshine,  he  supposes  owing  to  its  being  in 
that  situation  more  readily  volatilized.  The  experiments 
which  prove  the  emission  of  oxygen  by  the  leaves  of  plants 
when  immersed  in  water  and  acted  on  by  light,  he  con- 
tends, are  inconclusive,  as  the  leaf  in  this  situation  cannot 
be  supposed  to  perform  its  natural  function. 

I have  repeatedly  witnessed  Mr  Ellis’s  experiments,  and 
been  fully  satisfied  of  their  accuracy.  They  agree  with 
those  of  Scheele,  and  in  part  with  those  of  Woodhouse; 
but  they  are  in  opposition  to  those  of  Priestley,  and  iri 
some  parts  are  at  variance  w ith  those  of  some  other  che- 
mists. It  is  hence  difficult  to  form  a decided  opinion  on 
a subject,  with  regard  to  which  experiments  appear  to  be 
so  liable  to  fallacy. 

I had  formerly  supposed,  that  the  results  in  these  expe- 
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riments,  and  in  those  oi  Scheele,  with  regard  to  the  con- 
sumption of  oxygen  and  formation  oi  carbonic  acid,  might 
have  arisen  from  plants  being  employed,  the  white  and  suc- 
culent stems  of  which  are  large  proportioned  to  their  leaves, 
it  being  only  the  green  parts  of  plants  that  have  the  power 
of  evolving  oxygen.  Mr  Ellis  has  since,  however,  obviat- 
ed this  objection,  by  employing  plants  the  shoots  or  stems 
of  which  with  the  leaves  are  entirely  green,  and  has  still 
found  the  results  to  be  the  same. 

He  has  also  justly  observed,  that  it  is  established  by  the 
greater  number  of  the  experiments  on  this  subject,  that 
oxygen  is  given  out  by  plants  only  when  under  direct  ex- 
posure to  the  solar  rays.  When  not  placed  in  this  situa- 
tion, the  changes  are  reversed  ; not  only  in  darkness,  or 
an  obscure  light,  but  even  in  the  clear  light  of  day,  there 
is  the  consumption  of  oxygen  and  the  formation  of  carbo- 
nic acid.  This  is  the  result  of  his  own  experiments,  and 
of  those  of  Ingenhousz,  and  it  may  be  inferred  from  those 
of  Saussure. 

The  question,  then,  comes  to  be,  which  of  these  changes 
is  the  result  of  the  natural  function  of  the  plant,  or  which 
is  most  essentially  connected  with  its  growth.  On  this 
point  Mr  Ellis  has  justly  urged,  that  as  so  many  plants 
grow,  and  form  their  products  without  being  directly  ex- 
posed to  the  rays  of  the  sun,  and  as  at  certain  seasons,  and 
many  climates,  the  degree  of  this  exposure  is  inconsider- 
able compared  with  their  seclusion  from  it,  we  are  led  to 
the  conclusion,  that  it  cannot  be  essential  to  their  growth, 
but  that  the  function  which  they  more  usually  perform, 
must  be  considered  as  that  on  which  their  vegetation  de- 
pends. “ All  the  experiments,”  he  remarks,  “ although 
they  were  not  made  under  a direct  exposure  to  the  sun’s 
rays,  were  conducted  in  open  rooms,  where  light  had  the 
freest  access,  and  the  plants  assumed  all  the  characteristic 
properties  and  appearances  which  were  peculiar  to  them. 
It  is  likewise  sufficiently  evident,  that  even  in  our  own  cli- 
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mate,  and  especially  in  high  northern  latitudes,  a vast 
number  of  plants  live  and  flourish  in  natural  situations, 
■where  the  direct  rays  of  the  sun  seldom  or  never  penetrate  ; 
and  yet  in  such  situations  they  attain  a state  of  perfect 
vegetation.  How  many  hours,  also,  of  our  brightest  days, 
and  even  how  many  entire  days,  are  we  deprived  of  the 
direct  influence  of  the  sun’s  rays,  at  the  very  season  when 
vegetation  is  advancing  with  the  greatest  rapidity  and  vi- 
gour ? If  indeed  this  direct  influence  were  essential  to 
vegetation,  many  plants  which  we  now  behold  would  never 
be  produced  at  all,  and  all  the  tribes  of  vegetables  would 
experience  such  frequent  and  continued  checks  to  their 
growth,  that  in  our  own  climate  at  least,  we  could  scarcely 
ever  hope  to  seemany  of  themattain  to  astateof  maturity 
This  conclusion  may  be  just,  yet  the  subject  is  not  free 
from  obscurity ; for  the  results  of  experiments  are  evidently 
discordant.  There  can  be  no  doubt,  but  that  plants  un- 
der exposure  to  the  solar  rays,  decompose  carbonic  acid, 
and  convert  it  into  oxygen  ; and  although  the  observations 
of  Mr  Ellis  with  regard  to  the  connection  of  this  with 
vegetation  are  just,  yet  it  must  appear  singular,  that  plants 
can,  without  injury,  so  change  the  state  of  the  functions 
they  exert,  as  at  different  times  to  produce  changes  so  en- 
tirely the  reverse  of  each  other ; and  farther,  that  they 
should  exist  in  greatest  vigour,  and  form  their  products  in 
greatest  perfection,  generally  in  those  climates,  and  uni- 
versally at  that  season,  in  which  they  have,  from  situation 
with  regard  to  solar  light,  been  exerting  to  the  greatest 
extent,  that  very  function  with  regard  to  the  air,  suppos- 
ed to  be  least  natural  to  them,  or  the  reverse  of  that  to 
which  their  economy  is  adapted,  and  which  they  usually 
perform.  We  have  the  difficulty,  too,  if  we  adopt  this 
view,  of  accounting  for  the  origin,  (particularly  in  the 
ease  of  plants  growing  when  supplied  only  with  water  and 
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atmospheric  air),  not  only  of  the  carbon  which  makes  part 
of  their  substance,  but  of  the  much  larger  quantity  which 
must  be  spent  in  the  formation  and  evolution  of  carbonic 
acid.  And  the  experiments  of  Saussure,  if  they  are  to 
be  admitted  as  accurate,  appear  to  prove,  that  the  decom- 
position of  carbonic  acid  by  plants  is  essential  to  their 
growth  ; for  according  to  those  already  referred  to,  (page 
24.),  if  the  small  portion  of  carbonic  acid  which  atmos- 
pheric air  naturally  contains  were  removed,  by  washing 
with  lime-water,  the  vegetable  supplied  with  such  air 
merely  expanded,  without  any  real  addition  of  vegetable 
matter,  while,  when  supplied  with  water  and  with  atmos- 
pheric air  in  its  natural  state,  the  proportion  of  vegetable 
matter  increased  with  its  growth,  proving  therefore,  that 
it  had  fixed  the  carbon  of  this  carbonic  acid.  Lastljr, 
the  green  colour  of  plants  is  an  indication  of  their  vigour 
and  proper  state.  It  is  unquestionably  produced  by  the 
action  of  solar  light ; and  since  it  is  also  present  in  plants 
which  are  exposed  only  to  diffused  light,  this  is  a proof 
that  the  operation  of  both  is  similar,  though  more  slow  in 
the  one  than  in  the  other ; that  under  both  situations, 
therefore,  the  same  function  is  going  on,  a function  evi- 
dently connected  with  the  healthy  condition  of  the  plant, 
and  essential  to  it.  The  agency  of  diffused  light  must  in- 
deed be  similar  to  that  of  concentrated  light,  though  less 
intense : and  if  the  identity  of  effect  is  not  apparent  in  the 
experiment  of  plants  exposed  to  it,  this  must  perhaps  be  as- 
cribed to  the  diminution  of  pow  er  in  transmission  through 
the  vessel  in  which  the  plant  is  confined,  or  to  other  cir- 
cumstances connected  with  the  experiment. 

In  concluding  this  subject,  it  may  be  remarked,  that 
the  changes  effected  by  plants  on  the  surrounding  air,  are 
less  considerable  than  have  been  imagined,  and  that,  when 
supplied  merely  with  water,  they  are  not  very  perceptible, 
llassentratz  inclosed  the  branches  of  growing  plants  in 
atmospheric  air,  the  roots  being  either  in  water  or  in  earth, 
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and  found,  that  though  the  plants  grew,  yet  at  the  end  of 
two  months,  the  air  remained  unaltered  in  volume,  and 
in  the  proportion  of  oxygen  *.  A similar  result  was  ob- 
tained by  Woodhouse,  who  remarked,  that  “ when  a plant 
in  perfect  health,  growing  in  a soil  which  contains  little 
vegetable  or  animal  matter,  is  confined  in  atmospheric  air, 
it  will  live  a long  time  without  producing  any  change  in 
it.”  It  is  probably  principally  from  the  soil  that  plants 
derive  their  nourishment,  and  they  are  much  less  depend- 
ent than  animals  on  the  surrounding  air.  They  require 
also  a less  supply  of  nutritious  matter,  as  their  growth  is 
more  slow,  and  they  lose  less  by  any  excretion.  There 
appears  too,  to  be  a greater  diversity  in  plants  than  in 
animals  with  regard  to  their  relation  to  the  air,  some  af- 
fecting it  slowly,  others  producing  changes  in  it  speedily, 
and  some  being  injured  by  one  gas  in  which  others  live 
sufficiently  well. 

A peculiar  relation  exists  between  the  chemical  agency 
of  light  on  plants,  and  the  production  of  their  colours  : 
when  secluded  from  light  they  become  white ; when  expos- 
ed to  the  solar  rays  they  regain  their  green  tint ; and  it  is 
only  from  the  green  parts  of  plants  that  oxygen  is  exhaled 
under  exposure  to  light.  This  has  been  well  investigated 
bv  Mr  Ellis.  The  white  colour  had  been  ascribed  to  the 
retention  of  oxygen,  and  the  green  colour  to  the  redun- 
dance of  carbon  ; but  as  Mr  Ellis  has  remarked,  the  oxvsren 
retained  when  plants  are  secluded  from  light,  is  not  in  the 
state  of  oxygen,  but  in  that  of  carbonic  acid  ; and  it  does 
not  appear  how  carbon  can  produce  the  green  colour. 
The  changes  he  supposes  to  depend  on  the  agency  of  acid 
and  alkaline  matter.  Acids  weaken  or  destroy  colours, 
and  this  independent  of  communicating  oxygen.  The  loss 
of  colour,  therefore,  when  plants  are  secluded  from  light, 
may  be  owing  to  the  retention  of  carbonic  acid  ; and  ac~ 
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cordingly  he  found  that  this  acid  destroys  the  green  colour 
of  a vegetable  infusion.  When  the  plant  is  exposed  to 
light,  the  carbonic  acid  is  decomposed,  hence  this  agency 
of  it  is  suspended ; and  not  only  is  this  favourable  to  the 
restoration  of  the  colour,  but  it  is  further  so,  by  allowing 
any  alkaline  matter  with  which  the  acid  had  been  com- 
bined, to  exert  its  action  in  producing  the  green  tint. 
Hence,  too,  we  perceive  the  connection  between  the  evo- 
lution of  oxygen,  and  the  presence  ol  the  green  colour. 
It  is  not  that  the  green  parts  of  plants  are  peculiarly- 
adapted  to  afford  oxygen,  but  that  the  parts  affording  it 
become  green,  the  evolution  of  the  oxygen  arising  from 
the  decomposition  of  carbonic  acid.  I he  same  view  of 
the  colours  of  plants  depending  on  the  agency  of  acid  or 
of  alkaline  matter,  he  extends  to  the  successive  changes  they 
undergo  in  different  periods  of  their  growth,  and  to  the 
colours  of  flowers  and  fruits  *. 

Vegetables  are  capable  of  being  acted  on  by  other  aerial 
fluids,  and  of  acting  on  them  ; though,  with  regard  to  this, 
much  diversity  prevails  among  the  experiments  of  different 
chemists.  According  to  Scheele,  they  do  not  flourish  in 
oxygen  gas,  but  decay  and  die  f : the  same  conclusion  was 
drawn  by  Priestley  f.  Ingenhousz,  on  the  contrary,  af- 
firms, that  a plant  confined  in  oxygen  gas,  and  either  ex- 
posed to  the  light  or  kept  in  a dark  place,  vegetates,  and 
lives  longer  and  is  more  vigorous  than  in  a similar  quantity 
of  atmospheric  air;  and  it  lives  still  longer  if  the  carbonic 
acid  gas  which  it  generates,  when  kept  in  darkness,  be 
abstracted  ||.  The  results  of  Saussure’s  observations  agree, 
however,  with  those  of  Scheele  and  Priestley ; as  he  found 
plants  to  flourish  less  when  kept  in  the  shade  in  pure  oxv- 
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gen  gas,  than  in  oxygen  diluted  with  nitrogen  or  hydro- 
gen, either  from  the  immediate  action  of  the  oxygen, 
or  from  carbonic  acid  being  formed  *.  There  is  rea- 
son to  believe,  that  where  oxygen  has  appeared  injurious 
to  vegetables,  it  is  from  this  last  cause,  and  that  directly  it 
is  rather  useful,  and  even  necessary  to  sustain  the  functions 
of  plants.  This  appears  from  plants  dying  when  kept  in 
vacuo , and  from  the  effects  of  other  gases  upon  them. 

Priestley  found,  indeed,  that  plants  grow  in  air  injured 
by  combustion  or  respiration  f ; but,  in  opposition  to  this, 
Ingenhousz  affirmed,  that  nitrogen,  hydrogen,  and  carbonic 
acid,  prove  injurious  to  vegetables.  Young  plants  he 
found  to  be  incapable  of  resisting  their  noxious  operation, 
either  in  the  shade  or  under  exposure  to  light ; ahd  even 
when  they  have  acquired  more  vigour,  although  they  re- 
sist it  for  a few  days  under  favourable  circumstances,  they 
at  length  decay  and  die  j;.  Carbonic  acid  gas  appears,  from 
his  experiments,  to  be  peculiarly  injurious  to  vegetable 
life,  if  its  noxious  quality  be  not  counteracted  by  expo- 
suie  to  solar  light  ||.  Priestley  likewise  observed,  that 
carbonic  acid  gas  is  injurious  to  vegetables  § ; and  even 
Percival  and  Henry,  who  contended  for  its  utility,  admit- 
ted, that  it  proved  hurtful  if  in  its  pure  state,  or  unmixed 
with  oxygen.  Hydrogen  gas  Priestley  found  to  be  less  in- 
jurious; and  by  some  plants,  as  the  willow,  he  observed  it 
to  be  absorbed,  without  injury,  in  considerable  quantity  % 
an  observation  confirmed  by  Ingenhousz  **.  According 
.o  the  obsei  vations  of  Humboldt  and  others,  hydrogen  is 
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even  capable  of  supplying,  to  a certain  extent,  the  place  of 
light,  and  of  enabling  plants  to  retain  their  green  colour, 
which  they  otherwise  lose  when  light  is  excluded  *.  Sans- 
sure  more  lately  investigated  the  influence  ol  the  different 
gases  on  vegetation.  Nitrogen  appeared  to  be  incapable 
of  sustaining  it:  the  plant  continued  to  grow  for  a certain 
time,  indeed,  from  the  portion  of  oxygen  which  its  green 
parts  exhale ; but  plants  not  possessed  of  such  parts,  or 
deprived  of  them,  did  not  vegetate  in  nitrogen.  In  dark- 
ness, plants  confined  in  it  exhaled  carbonic  acid.  The 
general  results  with  regard  to  vegetation  in  hydrogen  ga^ 
and  in  carbonic  oxide  gas,  were  nearly  the  same  f* 

The  roots  of  vegetables  perform  functions  with  regard  to 
aerial  fluids  different  from  the  leaves.  They  consume  oxy- 
gen, and  form  carbonic  acid  %.  The  stems  and  branches 
of  plants  confined  in  atmospheric  air  vitiate  it  either  in  the 
shade  or  under  exposure  to  light,  without  changing  its 
volume,  as  they  replace  the  oxygen  they  consume  by  an 
equal  volume  of  carbonic  acid  gas.  1 he  flowers  of  plants 
produce  changes  on  the  air  similar  to  those  pioduced  b\ 
the  roots  and  branches.  They  appear  to  exhale  also  a 
portion  of  nitrogen  gas  in  the  shade  |1 . 

Secretion  is  a function  performed  by  vegetables,  and  sub- 
servient to  the  formation  of  their  products.  Were  the  sap 
which  they  absorb  merely  changed  by  respiration  and  the 
action  of  light,  one  product  only  could  be  formed  from  it 
in  each  plant ; but  very  different  products  are  formed  and 
deposited  in  different  parts  of  the  vegetable ; and  the  for- 
mation of  these  must  be  regarded  as  depending  on  the  ac- 
tion of  the  vessels,  and  therefore  as  arising  from  a function 
analogous  to  secretion  in  animals,  lhe  organs  in  which 
this  is  performed  are  not  ascertained.  The  utricles,  or 
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ihose  bundles  of  vessels  found  in  the  stem  and  other  parts, 
have  been  considered  as  secreting  glands;  but  this  is  not 
established  by  any  proof.  I he  secreted  products  consti- 
tute the  chief  proximate  principles  of  plants. 

Aftei  these  observations  on  the  functions  of  vegetables, 
we  have  to  trace,  as  far  as  can  be  done,  the  operation  of 
those  substances  which  are  received  into  the  vegetable  sys- 
tem, and  those  processes  by  which  these  are  converted  into 
the  varieties  of  vegetable  matter. 

The  seed  of  vegetables  consists  of  two  essential  parts,— 
the  Germ,  or  small  bud,  the  part  endowed  with  life,  and 
the  rudiment  of  the  future  plant;  and  the  Cotyledon  or  Seed 
Lobes  connected  with  it,  forming  often  the  principal  sub- 
stance, and  which,  in  the  first  stage  of  the  growth  of  the 
plant,  appears  designed  to  afford  to  it  nutritious  matter. 
In  the  germ  two  principal  parts  arc  discoverable,— the 
radicle,  which  descends  from  the  seed,  forming  the  root, 
and  the  plumula  forming  the  stem;  and  it  is  connected 
with  the  substance  of  the  seed  by  slender  vessels,  which 
ramify  through  it,  and  which  unite  at  their  connection  with 
the  germ.  When  the  seed  is  planted  in  the  ground,  or 
placed  in  other  situations  favourable  to  its  vegetation,  it 
absorbs  moisture,  and  swells ; the  radicle  begins  to  shoot 
out,  and,  at  the  same  time,  the  substance  of  the  seed  suf- 
fers a change  in  its  qualities.  This  constitutes  the  veo-e- 
table  function  of  Germination,  the  first  stage  of  vegetation, 
anc  which,  .when  performed  on  certain  grains  preliminary 
to  fermentation,  forms  the  process  of  malting.  From  its 
connection  with  these  processes,  it  has  been  repeatedly  ex- 
amined, and  the  principal  facts  with  regard  to  it  have  been 
determined. 

In  germination  there  is  a conversion  of  the  fecula  of  the 
grain  into  sugar ; how  this  is  effected  is  to  be  inferred  from 
the  chemical  actions  which  are  exerted  during  the  process. 

n the  first  place,  the  presence  of  oxygen  is  indispcnsi- 
•>  v o germination.  If  seeds  moistened  are  placed  in  vacuo , 
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they  do  not  germinate ; as  was  long  ago  ascertained  by 
Boyle.  If  they  are  confined  in  nitrogen  gas,  hydrogen 
gas,  carbonic  acid,  or  nitric  oxide  gas,  or  if  they  are  plac- 
ed over  quicksilver,  germination  does  not  take  place. 
When  immersed  in  water  from  which  the  atmospheric  air 
is  excluded,  they  swell,  and  the  radicle  is  formed,  but 
vegetation  makes  no  farther  progress.  And  in  all  these 
cases,  if  the  seed  has  been  moistened,  the  life  of  the  germ 
is  soon  lost,  the  matter  of  the  seed  decomposes  and  becomes 
putrid,  and  a portion  of  gas,  consisting  ol  carbonic  acid, 
with  a little  carbonic  oxide  or  carburetted  hydrogen,  is 
disengaged.  These  facts  have  been  established,  by  the  ex- 
periments of  Scheele,  Achard,  Ingenhousz,  Gough,  Ciuick- 
shank,  Huber,  and  Ellis. 

When  atmospheric  air  or  oxygen  gas  is  admitted  to  the 
moistened  seed,  germination  soon  commences,  the  oxygen 
is  consumed,  and  carbonic  acid  is  formed.  The  germina- 
tion is  more  rapid  in  oxygen  than  in  atmospheiic  aii,  as 
Huber  ascertained*.  It  was  likewise  found  by  Hum- 
boldt, that  in  seeds  which,  from  having  been  long  kept, 
did  not  germinate  when  moistened  and  exposed  to  atmos- 
pheric air,  the  germination  commenced  when  they  were 
moistened  with  water  impregnated  with  oxymuriatic  acid, 
which  afforded  oxygen  to  them  in  a more  condensed  state  ; 
and  by  the  application  of  the  same  liquid,  the  germina- 
tion of  seeds  in  their  usual  state  was  accelerated  f, — facts 
confirmed  by  Von  Uslarf  and  T.  Saussure  |J.  Huber 
found,  however,  that  although  oxygen  gas  accelerates 
germination,  it  proves  prejudicial  to  the  progress  of  vege- 
tation, when  the  parts  of  the  embryo  plant  begin  to  ex- 
pand ; and  in  twenty-four  hours,  it  was  necessary  to  re- 
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move  it,  as  otherwise  the  radicles  became  brown  and  de- 
cayed *.  The  presence  of  a little  carbonic  acid  gas  with 
the  oxygen  gas,  he  found  rather  useful,  probably  by  dilut- 
ing it ; for  in  atmospheric  air,  germination  is  rather  fa- 
voured if  the  carbonic  acid  be  withdrawn  as  it  is  formed, 
as  Saussure  found ; and  a large  proportion  of  carbonic 
acid  gas  was  found  by  Huber  to  be  hurtful,  even  when 
oxygen  was  present  f. 

Scheele  observed,  that  during  germination,  the  volume 
of  the  air  is  not  altered,  the  oxygen  gas  consumed  being 
replaced  by  an  equal  volume  of  carbonic  acid  gas, — a fact 
also  ascertained  by  Cruickshank  and  Saussure.  As  there 
is  no  change  of  volume  when  oxygen  is  converted  into  car- 
bonic acid,  this  result  seems  to  prove,  that  in  germination 
no  part  of  the  oxygen  is  absorbed  by  the  seed,  or  enters 
into  combination  with  it,  but  that  it  merely  abstracts  car- 
bonaceous matter.  Some  chemists,  however,  have  been 
disposed  to  draw  the  opposite  conclusion.  Thus,  Mr 
Cruickshank,  from  considering  that  carbonic  acid  is  evolv- 
ed from  moistened  seeds  when  oxygen  is  not  present,  as 
when  they  are  placed  in  nitrogen  gas, — a fact  ascertained 
by  his  own  experiments,  and  since  by  those  of  Huber  J, — 
supposed,  that  the  formation  of  this  acid  is  owing  to  the 
decomposition  of  the  water,  the  oxygen  of  which  combines 
with  carbon  from  the  seed ; that  therefore,  in  germination, 
the  same  changes  happen  ; and  that  the  oxygen  which  dis- 
appears is  in  part  absorbed,  and  enters,  with  perhaps  a 
proportion  of  hydrogen  from  the  water,  into  the  composi- 
tion of  the  saccharine  matter  formed  in  this  process.  This 
reasoning  is  not  very  conclusive  ; for  admitting  that  water 
is  decomposed  by  humid  seeds,  when  oxygen  is  excluded, 
it  does  not  follow,  that  this  will  happen  when  oxygen  is 
present,  exerting  its  chemical  affinities. 


* Memoires  sur  la  Germination,  p.  20. 
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The  question,  with  regard  to  this  point,  might  be  de- 
termined, by  ascertaining  whether  seeds  lose  weight  in  ger- 
mination, and  whether  this  loss  is  exactly  equal  to  the 
quantity  ol  carbon  which  has  been  abstracted,  estimating 
this  from  the  quantity  of  carbonic  acid  produced.  'Ihe 
determination  of  this,  however,  is  difficult,  from  the  diffi- 
culty of  estimating  the  loss  of  weight  which  the  seeds  sustain 
from  the  exhalation  of  part  oi  the  water  with  which  they 
have  been  moistened.  Saussure  states,  that  a seed,  brought 
after  germination  to  the  same  state  of  dryness  as  before, 
not  only  always  weighed  less,  but  the  diminution  of  weight 
was  even  greater  than  could  be  accounted  for  by  the  car- 
bon abstracted  during  the  germination,  and  the  small 
quantity  of  mucilage  that  might  be  dissolved  by  the  water 
in  which  the  seeds  had  been  macerated.  Thus,  he  placed 
a number  of  peas,  weighing  200  grains,  over  mercury, 
with  five  times  their  weight  of  distilled  water,  in  a jar,  fill- 
ed with  atmospheric  air.  They  germinated  ; and,  at  the 
end  of  two  days,  4|  cubic  inches  of  carbonic  acid  were 
formed,  containing  0.85  grain  of  carbon  ; the  water  had 
dissolved  a little  extractive  or  mucilaginous  matter,  which 
was  found  to  amount  to  0.75  grain.  The  seeds,  in  dry- 
ing, still  continued  to  form  carbonic  acid,  in  quantity  ra- 
ther less  than  what  was  formed  during  the  same  time  in 
germination  ; but  assuming  it  to  be  the  same,  the  seeds 
having  required  two  days  to  dry,  it  followed,  that  in  that 
time  they  must  have  formed  other  4^  cubic  inches  of  car- 
bonic acid,  or  lost  0.85  grain  of  carbon.  The  total  loss, 
therefore,  amounted  to  2.45  grains  ; and  when  dried,  they 
ought  to  have  weighed  this  less,  had  the  change  they  suffer- 
ed consisted  merely  in  the  abstraction  of  carbon;  while,  had 
they  received  oxygen,  the  loss  must  have  been  less,  or  there 
might  have  even  been,  on  the  whole,  an  increase  of  weight. 
The  loss,  however,  was  much  greater,  being  not  less  than 
1 1 grains  * ; a result  which  renders  the  whole  experiment 
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doubtful ; for  since  the  loss  amounts  to  8.5  ’grains  more 
than  what  can  be  accounted  for  by  the  quantity  ot  matter 
ascertained  to  have  been  abstracted,  it  proves,  either  that 
the  experiment  had  been  inaccurate,  or  that  a quantity  of 
water  had  been  dissipated,  which  could  not  accurately  bo 
estimated. 

The  experiment,  to  determine  whether  seeds  lose  weight 
by  germination,  had  been  before  made  by  Mr  Gough,  in 
a manner  less  liable  to  fallacy.  He  placed  7 drachms  23 
grains  of  steeped  peas  in  a phial,  the  mouth  of  which  was 
covered  with  a piece  of  clean  glass,  intended  to  condense 
the  vapour  that  might  arise  from  them,  while  the  access  of 
air  was  not  prevented : at  the  end  of  one  hundred  and 
twenty  hours,  the  peas  were  vegetating  freely ; and  on 
weighing  the  whole,  they  w'ere  exactly  their  original 
weight  *.  If  the  carbonic  acid  into  which  the  oxygen  of 
the  air  would  be  converted  by  germination,  escaped  from 
the  phial  in  this  mode  of  making  the  experiment,  the  result 
appears  to  establish,  that  the  germination  of  seeds  is  attend- 
ed with  little,  if  any,  diminution  of  weight.  Mr  Gough  ob- 
served, that  if,  during  the  experiment,  he  withdrew  the  air 
frequently  from  the  phial,  by  inspiring  it  through  a syphon, 
there  was  a diminution  of  weight,  of  not  less  than  2 drachms 
5 grains  when  1 ounce  3 drachms  of  steeped  barley  were 
operated  on  ; owing,  probably,  to  the  watery  vapour  arising 
from  the  germinating  seeds  having  been  withdrawn.  The 
subject  requires  farther  investigation;  for  it  is  still  somewhat 
uncertain,  whether  in  germination,  besides  the  abstraction 
of  carbon  by  the  action  of  the  oxygen  of  the  air,  there  is 
a decomposition  of  a portion  of  the  water,  and  an  addition, 
from  this  decomposition,  of  oxygen  and  hydrogen  to  the 
matter  of  the  seed. 

To  favour  the  chemical  changes  which  constitute  this 
process,  certain  circumstances  are  necessary.  A due  de- 
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gree  of  humidity  is  essential,  seeds  which  are  dry  not 
germinating.  It  probably  operates,  by  expanding  the 
dry  substance  of  the  seed,  and  condensing  a minute  pro- 
portion of  the  oxygen,  thus  approximating  it  to  the  mat- 
ter of  the  seed,  and  favouring  its  chemical  action.  The 
humidity  of  the  seed  will  also  be  favourable  to  the  deve- 
lopement  of  the  plant.  A certain  temperature  is  also  es- 
sential to  germination.  Below  the  freezing  point  ol  water, 
no  seeds  vegetate ; and  the  greater  number  require  a tem- 
perature considerably  higher.  This  is  conspicuous  in  the 
germination  of  seeds  commencing  and  proceeding  with 
rapidity,  when  the  genial  warmth  of  spring  succeeds  the 
winter’s  cold  ; and  likewise  in  the  .seeds  of  many  plants  not 
germinating  in  cold,  as  they  do  in  warm  climates.  The 
heat  probably  both  excites  the  vital  powers  of  the  germ, 
and  favours  the  chemical  changes  of  the  seed.  Lastly, 
light  has  an  important  influence  in  germination,  not, 
however,  in  forwarding,  but  rather  in  retarding  it.  It  has 
been  long  known,  that  in  the  process  of  malting,  which  is 
nothing  more  than  germination  conducted  with  a parti- 
cular view,  the  admission  of  light  is  hurtful ; hence  it  is 
always  conducted  in  darkened  apartments : and  it  has  been 
repeatedly  ascertained,  by  experiment,  that  germination  is 
impeded  by  light.  Ingenhousz  remarked,  that  seeds  ex- 
posed to  the  solar  light  either  do  not  germinate,  but  die, 
or,  if  they  germinate,  the  plants  are  extremely  weak  *.  It 
has  been  imagined,  that  the  light  operates  by  the  heat  it 
excites  dissipating  the  moisture  ; but  any  effect  of  this  kind, 
except  from  the  direct  action  of  the  solar  rays,  must 
be  trivial.  As  light,  by  its  chemical  agency,  is  an  anta- 
gonist to  the  combination  ol  oxygen,  and  as  this  combina- 
tion, with  the  carbon  of  the  seed,  is  necessary  to  germina- 
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tion,  it  is  probably  to  this  operation  that  its  influence  is 
to  be  ascribed. 

By  the  chemical  changes  which  occur  in  germination, 
the  fecula  ot  the  seed  is  converted  into  saccharine  matter, 
or  at  least  into  a product  which  is  sweet,  and  analogous  to 
sugar.  This  saccharine  matter  appears  to  serve  as  nourish- 
ment to  the  infant  plant ; for,  being  soluble  in  water,  it  is 
capable,  in  solution,  of  being  absorbed  by  the  vessels  of 
the  radicle,  which  ramify  through  the  substance  of  the 
seed  : and  thus,  in  the  first  stage  of  its  growth,  the  plant 
has  a supply  of  nutritious  matter,  independent  of  any  ex- 
ternal source.  Mr  Gough,  who  stated  this  view  of  the 
operation  of  germination  in  contributing  to  the  growth  of 
the  plant,  observes,  that  it  is  confirmed  by  some  experiments 
by  Malpighi,  in  which,  when  the  germs  of  seeds  were  ab- 
stracted from  the  lobes,  and  planted  in  the  earth,  few  of 
them  grew,  and  those  that  did,  grew  very  imperfectly. 
This  experiment  was  also  performed  by  Bonnet.  The 
seed  having  been  previously  softened,  by  being  kept  hu- 
mid, he  cut  the  two  bundles  of  fibres  which  connect  the 
gcim  with  the  seed-lobes  ; he  planted  the  germ  in  garden 
eaith,  supplied  with  water;  the  radicle  was  emitted,  and 
at  length  the  leaves ; but  the  plants  were  so  diminutive, 

that  they  could  scarcely  have  been  recognised,  and  thev 
soon  died  *. 

From  the  nature  of  the  changes  which  thus  occur  in 
germination,  and  which  are  indispensable,  as  preliminary 
to  vegetation,  we  can  assign  the  theory  of  those  operations 
on  the  soil,  which  constitute  some  of  the  principal  practices 
of  agriculture.  When  the  ground  is  ploughed,  its  cohe- 
sion is  bi  oken  : it  is  divided  into  loose  particles ; and  hence, 
when  the  seed  is  sown,  it  is  placed  in  the  most  favour- 
able situation  for  vegetation  : it  is  supplied  with  moisture, 
Without  being  immersed  in  water : its  temperature  is  in 
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some  measure  kept  uniform  : the  operation  of  light  is 
partially  excluded 5 and  irom  the  looseness  of  the  earth 
that  covers  it,  the  atmospheric  air  finds  access  to  it,  and 
promotes  the  germination  and  commencing  vegetation. 
When  the  fibres  of  the  root  expand,  they  meet  with  little 
resistance,  and  are  equally  supplied  with  water  and  air. 

When  germination  has  been  accomplished,  and  a source 
of  nutritious  matter  supplied,  capable  ol  being  absorbed 
by  the  embryo  plant,  its  structure  begins  to  be  developed, 
and  its  functions  commence.  Ihe  radicle  first  extends, 
penetrates  the  soil,  and  increases  in  length.  I he  part  of 
the  germ  named  the  plumula  likewise  extends,  and  rises 
from  the  ground  to  form  the  stem.  And  the  other  parts 
are  successively  unfolded,  according  to  the  nature  and 
structure  of  the  plant. 

Its  nourishment,  after  this  first  stage  of  its  growth,  is  to 
be  derived  from  without.  This  nutritious  matter  is  receiv- 
ed principally  from  the  soil  and  from  the  surrounding  air; 
and  the  first  object  of  inquiry  in  the  investigation  of  the 
theory  of  vegetation,  is  the  relation  subsisting  between 
these  and  the  growing  plant. 

The  greater  number  of  vegetables  arise  from  the  earth, 
and  receive  from  it  a large  share  of  their  nourishment. 
There  were  always,  however,  some  objections  to  the  view 
which  supposed  this  to  be  its  sole  source;  and  when 
chemistry  had  advanced  so  far  as  to  accomplish  the  ve- 
getable analysis  with  some  degree  of  accuracy,  it  was 
discovered,  that  the  solid  substance  of  plants,  as  well  as 
their  various  products,  are  composed  of  principles  very 
different  from  those  contained  in  the  soil. 

It  was  sufficiently  known,  that  many  vegetables  flourish 
and  increase  in  bulk  when  supplied  with  water  alone ; and 
it  had  likewise  been  often  ascertained,  that  if  a plant  be 
made  to  grow  in  a known  quantity  of  earth,  the  earth  after 
a certain  period,  during  which  the  plant  had  increased 
greatly  in  bulk,  is  found  to  have  lost  little  of  its  weight. 


OF  VEGETABLES. 


43 

The  celebrated  experiment  by  Van  Helmont  appeared  to 
establish  this  fact.  He  planted  a willow  weighing  5 lbs. 
in  an  earthen  vessel  filled  with  dried  earth,  which  had  been 
carefully  weighed.  The  pot  was  sunk  in  the  earth,  co- 
vered with  a plate  of  lead,  and  rain-water  was  occasionally 
conveyed  to  it  through  a tube  of  lead.  At  the  end  of  five 
years,  on  removing  the  tree,  it  weighed  169  libs,  while  the 
earth  in  which  it  had  been  planted,  on  being  dried  and 
weighed,  was  found  to  have  lost  only  2 ounces  of  its  ori- 
ginal weight.  A similar  experiment  was  made  by  Boyle. 
1 he  seed  of  a gourd  was  put  into  earth  in  a pot,  and  sup- 
plied with  water;  the  plant  which  grew  from  it,  in  the 
course  of  a few  months,  weighed  2£  libs,  yet  the  earth  had 
not  lost  sensibly  in  weight*.  These  experiments  have 
been  repeated  and  diversified  by  modern  chemists.  l)u- 
hamel  caused  plants  to  grow,  by  supplying  them  with 
water  alone,  and  they  flourished  sufficiently  well  f.  Til- 
let  found,  that  wheat  and  other  grains  grew  in  river  sand, 
in  pounded  quartz,  or  in  mixtures  of  silex,  argil,  and 
lime : they  produced  seeds,  which  sown  again  produced 
new  plants,  and  this  for  three  successive  years  Bon- 
net found,  that  plants  supported  on  moss,  cotton,  or 
paper,  grew  when  supplied  with  pure  water,  and  pro- 
duced flowers  and  fruit  equal  to  what  they  produced  when 
growing  in  the  soil.  Mr  Hoffman  inclosed  sprigs  of 
Mentha  crispa  in  phials  filled  with  distilled  water,  and 
closed  by  a cement  of  wax  : they  continued  to  grow,  new 
loots  and  branches  were  formed,  until  the  whole  of  the 
water  had  passed  through  the  plants;  and  on  weighing 
they  were  found  to  have  gained  in  weight  ||.  Boyle  had 
before  made  this  experiment,  and  had  found,  that  in  less 
than  a month  a sprig  of  mint  growing  in  distilled  rain-wa- 
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ter,  increased  to  nearly  four  times  its  original  weight  *. 
Braconnot  more  lately  made  a series  of  similar  experi- 
ments, and  found,  that  plants  grow  when  their  seeds  are 
sown  in  lithrage,  in  sulphur,  and  in  washed  sand,  on  being 
supplied  merely  with  water  and  atmospheric  air  f.  Para- 
sitic plants  too,  and  those  which  are  attached  to  stones 
and  rocks,  can  derive  their  nourishment  only  from  watei 
and  air. 

These  facts  appear  to  authorise  the  conclusion,  that  air 
and  water  furnish  the  principal  part  ol  the  food  ol  vege- 
tables, and  that  many  can  live  and  grow  on  these  alone. 

Previous  to  the  discovery  of  the  composition  ol  water,  it 
was  difficult  to  conceive  how  it  could  be  converted  into  the 
solid  matter  of  plants.  Much  of  that  matter,  indeed,  con- 
sists of  water;  but  it  contains  also  other  elements  v\ith 
which  this  water  is  combined,  and  which  must  bear  a cei- 
tain  proportion  to  it.  "The  discovery  of  the  composition 
of  water  solved  this  difficulty ; for  as  oxygen  and  hydro- 
gen are  the  principal  elements  of  vegetable  matter,  it  was 
obvious  that  they  might  be  derived  from  this  source. 

That  water  is  decomposed  in  the  process  ol  vegetation, 
appears  to  follow  from  the  fact  already  stated,  as  establish- 
ed by  experiment,  that  when  the  leaves  of  vegetables  are 
exposed  to  light,  in  contact  with  pure  water  only,  they 
afford  oxygen  gas,  and  that  this  is  connected  with  the  ac- 
tion of  the  vessels  of  the  leaf.  It  has  appeared,  indeed, 
from  the  researches  of  Sennebier  and  Woodhouse,  that 
the  production  of  oxygen  in  this  experiment,  is  consider- 
ably dependent  on  the  quantity  of  carbonic  acid  contained 
in  the  water,  or  that  at  least  by  increasing  the  quantity  of 
this  acid  a larger  quantity  of  oxygen  is  evolved.  It  can- 
not, however,  be  affirmed  to  depend  solely  on  this,  for  the 
decomposition  of  water  is  just  as  likely  to  take  place  as  the 
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decomposition  of  carbonic  acid  ; both  probably  take  place, 
and  bear  a certain  relation  to  each  other.  T hat  the  oxy- 
gen evolved  is  in  part  derived  from  the  decomposition  ol 
water,  appears  from  this,  that  the  portion  of  carbonic  acid 
in  common  water  is  so  inconsiderable  as  not  to  be  appre- 
ciable ; yet  leaves  exposed,  immersed  in  such  water,  to  so- 
lar light,  afford  oxygen.  Ingenhousz  found  also,  that 
though  in  boiled  or  distilled  water  the  quantity  emitted 
was  less  than  in  spring  water,  yet  still  a portion  was  evolv- 
ed, and  the  apparent  difference  in  the  proportion  was  in 
part  owing  to  the  boiled  water  absorbing  part  of  the  air 
emitted  *.  This  air  was  also  purer  oxygen  than  the  ait 
from  spring  water.  The  results  of  these  experiments, 
added  to  the  consideration,  that,  from  no  other  source 
than  from  the  decomposition  of  water,  can  the  origin  ot 
the  hydrogen  contained  in  plants  which  grow  when  sup- 
plied with  water  and  air  alone,  be  derived,  afford  appa- 
rently satisfactory  proof,  that  water  is  decomposed  in  the 
process  of  vegetation. 

A due  supply  of  air  is  also  necessary  to  the  growth  of 
plants ; but  its  agency  in  promoting  the  process  is  not  e- 
qually  obvious.  It  has  been  believed  to  operate  principally 
by  affording  carbonic  acid,  which  the  vegetable  absorbs, 
and  the  decomposition  of  which  is  the  source  of  the  carbon 
of  vegetable  matter  ; and  in  plants  which  grow  when  sup- 
plied only  with  air  and  water,  there  is  no  other  obvious 
source  whence  this  carbon  can  be  derived.  It  appears 
accordingly  to  be  established  by  the  experiments,  already 
referred  to,  of  Sennebier,  Saussure,  and  others,  that  in  an 
atmosphere  composed  partly  of  carbonic  acid,  the  leaves 
of  plants  absorb  a portion  of  it,  and  convert  it  into  oxy- 
gen. Saussure'  too  found,  that  plants  growing  in  pure 
water,  and  in  atmospheric  air  containing  its  usual  portion 
of  carbonic  acid,  increase  their  quantity  of  carbon,  which 
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the)'  do  not  do  if  the  carbonic  acid  has  been  previously 
abstracted.  The  uncertainty  of  our  knowledge  of  the  real 
changes  which  plants  produce  in  the  atmosphere,  throws, 
however,  some  doubt  on  this  subject;  for  if  (unless  when 
exposed  to  the  solar  rays)  they  consume  oxygen  and  exhale 
carbonic  acid,  this  view  cannot  be  adopted  ; and  we  have 
even  the  additional  difficulty  of  accounting  for  the  source  ol 
the  carbon  contained  in  the  carbonic  acid  they  discharge. 

The  influence  of  the  other  principles  of  atmospheric  air 
in  promoting  vegetation,  is  less  clearly  established.  That 
of  the  nitrogen  appears  to  be  negative ; that  of  the  oxy- 
gen is  more  doubtful,  and  must  remain  so  until  it  be  de- 

u 

termined  which  is  the  natural  function  of  vegetables  con- 
nected with  their  growth, — whether  the  consumption  of 
oxygen  and  formation  of  carbonic  acid,  or  the  decompo- 
sition of  carbonic  acid  and  evolution  of  oxygen. 

Whichever  of  these  changes  is  produced  by  the  leaves 
of  plants,  it  appears,  however,  to  be  established,  that  the 
oxygen  of  the  air  is  absorbed  by  the  roots.  There  arc 
experiments  which  prove,  that  plants  grow  more  vigorously 
when  supplied  with  water  impregnated  with  oxygen,  than 
when  common  water  is  used  *.  T.  Saussure  found,  that 
when  the  roots  of  plants  are  exposed  to  carbonic  acid  gas, 
to  nitrogen,  or  hydrogen  gas,  they  die  in  thirteen  or  four- 
teen days,  while,  when  exposed  to  atmospheric  air,  they 
continue  to  flourish  ; and  they  consume  the  oxygen  of  the 
air  in  a quantity  equal  to  their  own  volume,  and* form  car- 
bonic acid.  W hen  the  roots  were  not  detached,  but  re- 
mained in  connection  with  the  stem  and  branches  placed 
without  the  jar  in  which  the  roots  were  confined  with  at- 
mospheric air,  they  absorbed  many  times  their  volume  of 
oxyTgen  gas,  which  appeared  to  be  conveyed  through  the 
plant,  and  delivered  by  the  leaves  to  the  external  air. 
fcaussuie  concludes,  that  the  contact  of  oxygen  with  the 
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roots,  is  useful  to  vegetation.  Hence  many  plants  require 
a loose  soil,  and  are  more  vigorous  when  their  roots  are 
not  covered  with  too  much  earth  *.  But  whether  the  ad- 
vantage derived  from  oxygen  thus  applied,  is  from  the 
stimulus  it  communicates  to  the  vessel  of  the  plants,  or 
from  its  chemical  agency,  is  uncertain. 

From  the  facts  that  have  been  stated,  it  appears,  that  air 
and  water  furnish  the  largest  portion  of  the  food  of  plants, 
since  so  many  grow  when  supplied  with  these  alone. 

In  the  chemical  changes,  however,  which  proceed  in  the 
vegetable  system,  the  influence  of  another  agent  is  indis- 
pensable. This  is  light.  When  it  is  excluded,  plants  be- 
come pale  and  feeble,  their  usual  products  are  not  formed, 
and  they  gradually  decay.  It  is  not  by  the  heat  which 
light  excites  that  it  is  favourable  to  vegetation,  for  the 
same  effects  are  not  obtained  when  heat  is  applied  with- 
out the  admission  of  light.  It  may  operate  partly  as  a 
stimulant  in  relation  to  the  irritability  of  the  vegetable, 
exciting  its  vessels  to  increased  action;  but  this  cannot  be 
its  sole  operation,  as  the  substitution  of  other  powerful 
stimulants  ought,  for  a time,  and  to  a certain  extent,  to  be 
productive  of  the  same  phenomena,  which  is  not  the  case. 
It  must  in  part  operate  as  a chemical  power,  and  this  che- 
mical agency  appears  to  be  exerted  in  promoting  the  de- 
composition of  carbonic  acid,  and  the  evolution  of  oxygen. 
How  far  this  is  connected  with  the  process  of  vegetation, 
must  remain  uncertain,  until  it  be  determined,  whether 
these  changes,  or  the  reverse  changes  of  the  consumption 
of  oxygen  and  formation  of  carbonic  acid,  are  those  on 
which  the  formation  of  vegetable  matter  and  the  growth 
of  the  plant  depend.  The  action  of  light  is  exerted  prin- 
cipally on  the  sap  circulating  in  the  leaves ; and  when  ve- 
getables which  have  been  blanched  by  seclusion  from  light 
arc  again  exposed  to  it,  the  green  colour  appears  first  to- 
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wards  the  margin  of  the  leaf.  It  is  in  the  leaf,  therefore, 
that  the  principal  chemical  changes,  from  which  the  for- 
mation of  vegetable  matter  arises,  take  place.  It  is  well 
adapted  by  its  position,  to  admit  of  the  agency  of  light ; 
and  its  structure  is  probably  sufficiently  porous  to  admit 
of  die  passage  of  those  aerial  fluids,  which  it  either  absorbs 
from  the  atmosphere,  or  evolves  as  the  result  of  the  de- 
compositions which  happen  in  the  fluid  circulating  through 
its  minute  vessels. 

Vegetation  is  presented  to  us  under  the  simplest  point 
of  view,  when  it  is  thus  considered  as  connected  solely  with 
changes  effected  by  the  powers  of  the  plant,  aided  by  the 
chemical  action  of  light  on  the  water  and  air  supplied  to  it. 
Many  chemists,  however,  have  called  in  question  the  con- 
clusion, that  vegetables  grow  when  supplied  with  air  and 
water  alone  : they  have  endeavoured  to  shew,  that  the  ex- 
periments whence  it  is  deduced  are  liable  to  fallacy,  and 
that  though  there  may  be  an  enlargement  of  size  or  deve- 
lopement  of  parts,  this  is  not  perfect,  and  there  is  no  in- 
crease of  vegetable  matter. 

Hassenfratz  stated  these  objections  to  the  experiments 
of  Van  Helmont,  Duhamel,  and  Tillet,  and  gave  the  re- 
sults of  experiments  on  various  plants  which  expand  when 
supplied  with  water,  as  hyacinths,  kidney-beans,  cresses, 
and  others.  They  grew  in  this  situation  ; but  this  growth 
was  imperfect ; the  vegetation  advanced  no  farther  than 
the  production  of  the  flowers,  without  the  seeds  being 
formed,  or  at  least  without  their  coming  to  maturity ; and 
when  dried  and  analysed,  the  plant  afforded,  as  he  states, 
rather  less  carbon  than  was  contained  in  the  seed  or  bulb 
from  which  it  had  been  reared  *. 

Experiments  with  a similar  result  have  been  made  by  T. 
Saussure.  He  endeavoured  to  bring  into  a state  of  vege- 
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tation  the  seeds  of  the  kidney-bean,  the  common  pea,  cres- 
ses, and  similar  plants,  by  supporting  them  on  fine  sand, 
and  supplying  them  with  distilled  water.  They  frequently 
flowered,  but  their  seeds  never  came  to  maturity  * * * §. 

Mr  Knight  has  also  observed,  that  bulbous  and  tuberose 
looted  plants  contain  the  matter  which  serves  for  the  deve- 
lopement  of  their  parts ; and  that  when  they  grow  on  being- 
supplied  with  water,  the  water,  if  perfectly  pure,  operates, 
not  by  supplying  them  with  new  matter,  but  only  by  dis- 
solving and  distributing  through  the  expanded  plant,  that 
which  had  been  contained  in  the  root  f . 

To  the  experiment  of  a plant  growing  when  supplied 
with  air  and  water  alone,  it  is  farther  objected,  that  in  the 
period  requisite  to  the  growth  of  the  plant,  the  water  with 
which  it  had  been  supplied  must  have  conveyed  a quantity 
of  foreign  matter.  Thus  Bergman  remarked,  that  even 
rain-water,  with  which  the  willow  in  Van  Helmont’s  ex- 
peiiment  was  supplied,  contains  a small  portion  of  earthy 
matter,  which,  by  the  constant  supply,  would  accumulate 
in  the  plant  in  quantity  sufficient  to  afford  all  the  earth  it 
contained  at  the  termination  of  the  experiment  f.  And 
Kirwan  remarked  another  source  of  fallacy,  that  the  pot 
containing  this  willow  being  earthen,  and  of  course  porous, 
and  being  placed  in  the  soil,  a quantity  of  water  from  the 
soil,  and  conveying  matter  from  it,  must  have  precolated 
the  vessel,  and  been  absorbed  by  the  roots  of  the  tree  ||. 

A similar  source  of  fallacy,  it  has  been  observed  by  Has- 
senfratz,  existed  in  the  experiments  of  Tillet  §. 

These  observations  may  prove,  that  plants  supplied  with 
water  alone  will  not  grow,  that  to  some  plants  the  supply 

* Recherches,  p.  245. 
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both  of  air  and  water  is  even  insufficient,  and  that  these 
are  incapable  of  vegetating  properly,  without  matter  de- 
rived from  the  soil.  But  they  are  altogether  insufficient  to 
render  this  conclusion  general,  or  to  invalidate  the  opposite 
conclusion,  that  vegetation  may  be  supported  by  air  and 
water  alone,  and  that  many  plants  supplied  with  these  will 
flourish,  and  form  their  peculiar  products. 

Independent  of  the  particular  experiments  already  stated, 
the  facts  which  establish  this  last  conclusion  are  numerous, 
and  on  a scale  which  scarcely  admits  of  any  fallacy.  It 
can  scarcely  be  doubted,  when  we  consider  the  circum- 
stances connected  with  the  growth  of  a large  vegetable,  as 
of  any  of  our  common  trees.  Their  roots  stretch  to  no 
great  extent  in  the  soil,  and  that  soil  does  not  require  to 
be  renewed,  or  to  receive  any  supply  of  manure.  Nay, 
frequently  the  situation  is  such,  that  scarcely  any  nutritious 
matter  is  afforded,  or  any  thing  but  a support  by  which 
the  plant  is  exposed  to  the  air,  and  occasionally  supplied 
with  water,  as  in  the  example  of  those  trees  which  grow 
from  the  crevices  of  a rock,  frequently  on  the  very  face  ol 
a precipice.  \et,  in  these  situations,  the  growth  of  the 
tree  advances,  its  solid  matter  increases,  and,  in  many  of 
them,  much  vegetable  matter  is  annually  lost  in  the  fruit, 
or  the  fall  of  the  foliage.  It  is  obvious,  that  the  portion 
of  soil  with  which  the  plant  can  be  supposed  to  communi- 
cate, could  not  have  contained  the  matter  from  which  this 
increase  is  derived ; and  there  is  no  external  supply  but 
from  the  atmosphere,  and  from  water.  We  are  reduced, 
therefore,  to  the  conclusion,  that  from  these  the  carbon, 
hydrogen,  and  oxygen,  which  form  not  only  the  basis,  but 
almost  the  entire  substance  of  the  vegetable,  must  be  de- 
rived. 

It  maybe  true,  that  in  the  experiment  of  Van  Helmont, 
and  others  of  a similar  nature,  a small  portion  of  saline 
and  earthy  matter  may  be  conveyed  by  the  water  to  the 
plant;  and  this  may  be  the  origin,  in  whole  or  in  part,  ot 
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the  saline  matter  which  it  would  contain.  But  to  many 
of  the  experiments,  this  objection  does  not,  from  the  man- 
ner in  which  they  were  performed,  apply,  as,  for  example, 
to  those  ot  Bonnet,  Hoffman  and  Braconnot,  already  re- 
ferred to ; and  even  in  the  experiment  of  Van  Helmont, 
the  supply  of  nutritious  matter  by  infiltration  could  not  be 
considerable ; it  must  have  existed  in  limited  quantity  in 
the  soil  itself;  and  the  communication  could  not  have  been 
so  extensive,  as  to  have  afforded  from  this  source  all  the 
principles  which  formed  the  substance  of  the  plant,  and 
which  increased  it  from  five  pounds  to  one  hundred  and 
sixty-nine  pounds  in  weight. 

Lastly,  the  experiments  of  Saussure  already  referred  to 
ipage  24.)  are  conclusive,  in  opposition  to  those  of  Hassen- 
h-atz,  m proving,  that  plants  acquire  an  augmentation  of 
vegetable  matter,  when  supplied  with  air  and  water  alone. 
It  the  atmospheric  air,  indeed,  were  excluded,  or  rather, 
it  the  carbonic  acid  which  it  naturally  contains  were  re- 
moved by  washing  with  lime-water,  the  vegetables  ex- 
panded, without  any  addition  of  vegetable  matter;  but, 
when  supplied  with  water,  and  with  atmospheric  air  in  its 
natural  state,  and  exposed  to  light,  the  proportion  of  vege- 
table  matter  increased  with  the  enlargement  of  bulk  The 
opposite  results  obtained  by  Hassenfratz  were  probably 
owing  to  the  plants  not  having  been  sufficiently  exposed  to 
ig  t;  for,  in  this  case,  Saussure  found,  that  the  propor- 
tion of  carbon  is  rather  diminished  than  increased. 

1 he  two  senes  of  facts  on  this  subject  which  appear  op- 
pose  to  each  other,— the  one  proving,  that  many  vege- 
ab  es  will  grow  when  applied  with  air  and  water  alone 
the  other  equally  proving,  that,  in  such  a situation,  the 
growth  is  imperfect,  and  is  little  more  than  an  expansion 
Of  their  solid  matter,  may  perhaps  be  reconciled,  by  con- 
sidering vegetation  under  the  following  point  of  view. 

In  P ants  which  expand  rapidly,  as  in  those  which  were 
subjects  oi  the  experiments  of  Hassenfratz,  or  of  the 
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observations  of  Knight,  the  contact  of  a rich  soil  may  be 
necessary  to  bring  them  to  perfection.  The  development 
of  their  parts  may  so  far  exceed  the  slow  supply  ol  prin- 
ciples which  they  can  assimilate  from  air  and  watei,  th 
they  will  decay  before  their  vegetation  is  completed.  But 
this  only  proves,  that,  from  the  nature  of  these  plants,  ic 
expansion  of  their  parts  is  more  rapid  than  the  supply  of 
nutritious  matter,  under  such  circumstances,  can  support 
though  iu  others,  the  growth  of  which  is  more  slow-  and 
gradual,  a sufficient  supply  oi  nourishment  may  t i o 
rived  from  these  alone. 

In  vegetables  of  this  last  description,  under  which  are 
probably  to  be  classed  all  the  larger  plants,  a due  propor- 
tion in  the  supply  of  water  and  of  air  will  no  doubt  be  re- 
quired. Water  alone  can  furnish  only  oxygen  and  by di  o- 
o-en,  and  these,  without  a due  proportion  of  carbon,  can- 
not be  accumulated  in  the  plant ; and,  lor  the  same  rea- 
son, an  excess  of  carbonic  acid,  or  any  other  substance 
affording  carbon,  may  not  be  of  utility,  as  it  must  cqua  y 
be  incapable  of  being  assimilated  without  the  necessary 
proportions  of  the  other  two  elements.  In  those  plants 
which  grow  slowly,  the  growth  will  probably  adapt  itself, 
in  establishing  these  proportions,  to  the  quantities  of  each 
which  are  afforded  to  it ; and  thus  air  and  water  may  af- 
ford the  elements  whence  their  products  are  formed. 

It  is  equally  true,  however,  that,  in  many  vegetables, 
these  are  insufficient,  and  a supply  of  more  nutritious  mat- 
ter is  indispensable  to  their  proper  growth.  This  is  proved 
by  the  most  familiar  facts  in  agriculture.  Many  vegetables 
will  flourish  only  in  certain  soils.  Those  which  require  a 
rich  soil,  vegetate  feebly  in  a poorer,  and  they  always  ex- 
haust that  in  which  they  grow,  so  that  it  requires  to  be  le- 
newed  by  certain  additions,  consisting  chiefly  of  decom- 
posing vegetable  and  animal  substances  ; and  the  decom- 
position of  these  so  as  to  afford  a more  rapid  supply  of 
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nutritious  matter,  requires  even  often  to  be  accelerated  by 
other  agents,  particularly  by  the  operation  of  lime. 

In  conformity  to  the  view  of  vegetation  which  I have 
just  given,  it  lollows,  that  those  plants  which  grow  rapidly 
must  be  those  that  will  require  these  conditions ; and  that 
of  such  as  grow  more  slowly,  those  will  most  require  a 
large  supply  of  nourishment  which  give  the  largest  pro- 
duce of  seeds  or  fruit,  compared  with  the  plant  when  these 
begin  to  be  formed.  Those  plants  accordingly,  which  are 
cultivated  for  the  nourishment  of  animals,  are  those  which 
demand  the  most  nutritious  soil,  and  the  most  stimulating 
manures;  and  the  quantity  of  their  products  is  within 
some  limits  proportioned  to  this.  It  is  interesting  to  trace 
the  operation  of  the  substances  from  which  these  results 
are  obtained. 

The  matter  thus  required  by  many  vegetables  to  enable 
them  to  grow  and  form  their  various  products,  must  be  such 
as  contains  the  elements  of  these  products,  and,  at  the  same 
time,  such  as  they  can  absorb  and  assimilate.  Hence  the 
great  superiority  of  decaying  vegetable  and  animal  matter. 

I his  constitutes  the  richness  of  a soil : the  earthy  matter 
consists  principally  ol  silex,  argil,  lime,  and  magnesia  : ac- 
cording as  one  or  other  of  these  predominates,  and  accord- 
ing to  the  state  of  aggregation  in  which  they  exist,  the  soil 
may  be  loose,  or  adhesive ; retain  warmth,  or  by  hygro- 
metric  action  attract  moisture ; may  be  calculated  to  re- 
tain water,  or  to  allow  it  a free  passage ; or  may  have  other 
qualities  influencing  the  growth  of  plants,  and,  from  such 
qualities,  may  be  adapted  to  the  support  of  certain  vege- 
tables. But  in  sustaining  those  plants  which  are  cultivated 
for  the  nourishment  of  animals,  something  more  is  required: 
it  must  contain  decomposing  vegetable  and  animal  matter : 
its  fertility  ceases  when  this  has  been  abstracted,  and  can 
only  be  renewed  by  a fresh  quantity  being  introduced. 

This,  therefore,  forms  the  first  and  most  important  of 
the  manures.  Its  nature  varies  according  to  the  intermix- 


OF  THE  CHEMICAL  PHYSIOLOGY 


ture  of  animal  and  vegetable  substances  ; but  it  must  al-  • 
ways  contain,  in  large  quantity,  the  elements  ot  which  ve- 
getable matter  is  formed.  The  black  mould  into  which  ve- 
getable matter  passes  by  slow  decomposition,  and  which  al- 
ways exists  more  or  less  in  the  soil,  consists  principally  oi 
the  carbon  which  is  the  basis  of  that  matter,  with  portions 
of  the  other  elements.  Saussure,  in  analysing  it  by  heat, 
found  it  to  contain  more  carbon  and  less  oxygen  than  un- 
changed vegetable  matter.  It  appeared  to  contain  also  a 
larger  proportion  of  nitrogen.  To  water  it  yields  a portion 
of  extractive  matter,  and  a small  quantity  of  carbonic  acid  ; 
and  exposed  in  a humid  state  to  the  atmosphere,  it  absorbs 
oxygen,  and  forms  carbonic  acid  *,  as  Ingenhousz,  Gough, 
Humboldt,  and  others,  had  before  observed. 

The  great  utility  of  vegetable  and  animal  substances  as 
manure,  consists  in  affording  matter  already  assimilated, 
and  hence  more  fit  for  the  nutrition  of  the  vegetable.  The 
water  present  dissolves  the  mucilage  and  extiacti\e  piin- 
ciple,  and,  being  absorbed  by  the  roots,  must  afford  more 
nutritious  matter  than  water  (hat  is  pure.  Saussure  found, 


that  water  holding  in  solution  various  salts,  as  well  as  diffe- 
rent vegetable  substances,  gum,  sugar,  &c.  enters  the  loots 
of  plants  by  absorption ; and  that  this  absorption  is  in 
some  measure  elective,  some  substances  being  more  largely 
absorbed  than  others.  The  salts  thus  introduced  weic 
afterwards  discovered  in  the  plant,  on  burning  it  f. 

Not  only  is  nutritious  matter  conveyed  from  the  soil  by 
the  medium  of  wrater,  but  the  gases  evolved  in  the  slow 
decomposition  of  the  vegetable  and  animal  matter  mingled 
with  it — carbonic  acid,  carbonic  oxide,  and  carburetted 
hydrogen  gases,  are  probably  in  part  retained  by  the  water 
of  the  soil  and  conveyed  by  it,  and  are  also  perhaps  di- 
rectly absorbed  by  the  vessels  of  the  root.  Mr  Knight 


* Reclicrches,  p.  162. 
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remarked,  that  in  his  experiments  on  the  sap  of  vegetables, 
it  always  appeared  to  contain  a large  portion  of  air. 

1 he  quantity  of  vegetable  matter  directly  conveyed  into 
the  plant,  would  appear,  however,  from  Saussure’s  experi- 
ments, not  to  be  considerable.  He  found,  that  rain-water, 
which  had  stood  many  days  in  a soil  containing  much  ma- 
nure, formed  an  infusion,  which  did  not  contain  above  one 
part  of  vegetable  matter  to  a thousand  of  water.  He  found 
reason  to  conclude,  too,  that  a plant,  in  absorbing  this  so- 
lution, would  not  assimilate  above  the  fourth  part  of  the 
vegetable  matter  it  contained  : hence,  it  would  not  increase 
in  w'eight  above  a quarter  of  a pound,  from  the  accession 
of  this  matter,  in  absorbing  one  thousand  pounds  of  such 
an  infusion,  which,  in  a small  plant,  would  require  a very 
long  time*.  Braconnot  has  concluded,  too,  that  black  ve- 
getable mould  affords  little  directly  nutritious  to  vegetables, 
as  he  found  it  communicated  no  soluble  matter  to  water, 
and  that,  according  to  the  opinion  suggested  by  Parmentier 
and  1 diet,  it  is  useful  principally  by  retaining  moisture  f. 
The  result  of  his  experiments,  however,  is  at  variance  with 
that  of  Saussure,  and  is  indeed  not  very  probable  in  itself; 
and  with  regard  to  the  conclusion  of  both  chemists,  it  is  to 
be  remarked,  that,  independent  of  the  matter  directly  af- 
forded by  manures  to  the  water  in  the  soil,  much  of  the 
nourishment  they  afford  to  the  plant  is  probably  by  the  me- 
dium of  the  gases  they  evolve. 

It  may  be  affirmed,  that  vegetable  and  animal  substances 
furnish  the  only  species  of  manure  directly  nutritious,  that 
is,  matter  which  the  vegetable  can  assimilate.  But  there 
are  others,  scarcely  less  useful,  in  improving  the  soil,  in. 
promoting  the  decomposition  of  the  vegetable  or  animal 
substances  which  it  contains,  or  in  exciting  the  plant  to 
more  vigorous  action. 


* Reclierches,  p.  267. 
t Nicholson’s  Journal,  vol.  xvii.  p.  16. 
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Of  these,  the  first  place  is  due  to  lime.  Its  utility  is  suf- 
ficiently known,  not  only  in  increasing  the  products  of  ve- 
getation, but  in  improving  their  quality;  and  various  opi- 
nions have  been  offered  on  its  mode  of  operation.  In  clay 
soils  it  may  prove  useful,  by  rendering  the  earth  more  free 
and  loose,  more  pervious  to  air  and  moisture,  and  to  the 
roots  of  plants;  it  may  likewise  destroy  insects,  which  prey 
on  the  tender  vegetable  : it  may  decompose  any  saline  sub- 
stance injurious  to  vegetation  ; and  it  probably  acts  as  a 
stimulus  to  the  plant  arrived  at  maturity,  and  quickens  the 
process  of  vegetation.  But  the  principal  advantage  attend- 
ing the  use  ol  lime  as  a manure,  appears  to  be  derived  from 
its  power  of  hastening  the  decomposition  of  vegetable  and 
animal  substances,  and  thus  applying  to  the  plant  in  great- 
er abundance  the  different  gases  capable  of  contributing  to 
its  nourishment.  That  lime  does  exert  such  an  operation, 
is  evident  from  its  reducing  even  the  ligneous  matter  of 
plants  in  a short  time  to  a black  mould,  when  its  action  is 
favoured  by  humidity ; and  that  it  is  by  this  operation  that 
it  proves  useful  as  a manure,  appears  to  be  established  by 
the  fact,  that  its  utility  is  most  conspicuous  in  those  soils 
which  abound  in  animal  and  vegetable  matter;  and  when 
this  is  exhausted,  the  lime  is  less  useful,  until  it  is  renewed. 
It  operates  in  producing  this  decomposition,  probably  not 
by  combining  with  the  vegetable  or  animal  matter,  and 
entering  with  it  into  the  vessels  ol  the  plant ; for  it  cannot 
well  be  supposed,  that  so  much  lime  as  must  thus  be  con- 
veyed, could  be  received  without  injury  into  the  vegetable 
system  ; but  principally  by  a resulting  affinity,  causing  new 
combinations  of  the  elements. 

Lime,  united  with  carbonic  acid,  has  an  effect  similar, 
though  in  an  inferior  degree ; and,  united  with  sulphuric 
acid,  under  the  form  of  gypsum,  it  has  been  used  with 
advantage  as  a manure,  probably  from  an  analogous  ope- 
ration. Even  some  saline  substances  have  been  found  to 
promote  vegetation,  such  as  muriate  of  soda,  when  added 
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in  very  small  quantity.  Duhamel  found,  that  marine  plants 
growing  in  an  inland  situation  languish,  if  not  supplied 
with  this  salt. 

I he  nature  of  the  soil,  too,  with  regard  to  its  earthy  and 
even  its  metallic  ingredients,  has  an  important  influence  on 
vegetation,  and  adapts  it  to  different  plants,  partly  perhaps 
from  the  elements  these  substances  may  afford,  but  chiefly 
from  their  mechanical  effect  in  rendering  the  soil  more  or 
less  pervious  to  the  roots,  in  enabling  it  to  afford  to  the  ve- 
getable a more  or  less  firm  support,  and  admitting  the  ap- 
plication of  air  and  water  in  due  proportion  ; in  absorbing 
water  from  the  atmosphere  by  hygrometric  attraction  ; and 
in  absorbing  and  retaining  heat.  The  earthy  matter  of 
the  soil  is  derived  from  the  disintegration  of  the  rocks  over 
which  it  lies,  or  from  materials  originating  from  such  dis- 
integration, and  spread  over  the  surface  by  the  operation 
of  water.  It  must  consist,  therefore,  of  the  principles  of 
which  the  earthy  aggregates  are  formed,  and,  in  different 
situations,  will  consist  of  these  in  different  proportions. 
Of  the  earths,  silex  and  argil  constitute  the  basis  of  every 
soil ; and  the  qualities  of  this  mixture  vary,  according  as 
either  predominates.  A soil  in  which  argil  is  the  chief 
constituent,  or  which  consists  principally  of  clay,  is  stiff", 
and  not  easily  worked : it  imbibes  water,  so  as  to  be 
thoroughly  moistened,  very  slowly  ; but  when  brought  into 
this  state,  it  retains  it  strongly,  and  in  drying  it  contracts 
and  hardens,  so  as  not  to  admit  easily  of  the  extension  of 
the  roots  of  plants,  or  be  very  permeable  to  water  and  air. 
Silex  seldom  exists  in  large  quantity  in  a soil  in  a state  of 
fine  division,  but  in  fragments,  forming  a sandy  or  gravelly 
soil.  In  this,  qualities  the  reverse  of  those  of  a clay  soil  pre- 
vail : and  hence  the  adaptation  of  each  to  particular  plants, 
as  well  as  the  advantage  derived  from  a due  proportion  of 
the  one  to  the  other.  The  presence  of  calcareous  earth 
serves,  to  a certain  extent,  the  same  purposes : it  lessens 
die  adhesive  quality  of  the  clayey  soil,  and  the  porositv 
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and  looseness  of  that  in  which  silex  predominates;  and 
probably  is  farther  useful,  in  stimulating  the  vessels  of  the 
root,  in  attracting  carbonic  acid,  and  in  favouring  the  de- 
composition of  inert  vegetable  matter.  Magnesia  is  pro- 
bably always  present  in  very  inferior  proportion,  and  its 
operation  does  not  appear  to  be  well  marked : though  it 
has  been  concluded,  that  when  it  is  in  excess  it  is  rather 
hurtful  to  vegetation,  from  some  kinds  of  limestone, 
which  contain  magnesia,  being  found  to  be  prejudicial 
when  used  as  manure.  Oxide  of  iron  is  the  principal  me- 
tallic matter  present  in  the  soil ; and  it  has  been  supposed 
to  be  in  some  cases  advantageous,  by  attracting  oxygen 
from  the  atmosphere. 

An  extensive  series  of  experiments,  on  the  comparative 
powers  of  different  mixtures  of  earths  in  sustaining  the  ve- 
getation of  those  plants  which  are  cultivated  for  nourish- 
ment, was  undertaken  by  Tillet  *.  He  employed  large 
earthern  pots,  which  he  sunk  in  the  earth  nearly  to  the  level 
of  the  surface,  so  that  the  plants  growing  in  them  might  be 
as  much  as  possible  in  a natural  situation,  and  participate 
in  all  the  vicissitudes  of  the  season ; and,  with  the  same 
view,  he  abstained  from  supplying  them  with  any  water, 
even  when,  from  the  want  of  rain,  they  seemed  most  to  re- 
quire it.  The  experiments  on  each  earthy  mixture  were 
continued  for  three  successive  years;  the  grains  produced 
the  first  year  being  planted  for  the  second,  and  those  pro- 
duced the  second  being  in  like  manner  planted  for  the 
third.  From  their  general  results,  it  appears,  that  there  is 
a considerable  latitude  with  regard  to  the  earthy  mixtures 
capable  of  supporting  vegetation.  Wheat  was  the  grain 
that  was  the  subject  of  experiment ; and  it  was  found  to 
.grow  well  in  various  mixtures  of  sand,  clay,  plaster,  and 
fragments  of  stones,  as  well,  indeed,  as  in  earth  taken  from 
a cultivated  soil.  Nay,  it  even  flourished  apparently  equally 


'*  M^inoires  de  l’Acad.  dcs  Sciences,  1772,  p.  229. 
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■well  in  sand  alone,  in  fragments  of  stone,  in  old  plaster  or 
mortar.  An  excess  of  argil  or  clay  appeared  to  be  preju- 
dicial, principally  by  communicating  the  property  of  har- 
dening after  being  moistened,  so  that  water  was  not  easily 
diffused  through  it,  and  the  roots  of  the  vegetable  met  with 
too  great  resistance.  The  same  effect,  it  has  been  found 
from  other  experiments,  arises  from  an  excess  of  lime,  es- 
pecially where  there  is  little  vegetable  or  animal  matter 
In  Tillet’s  experiments,  no  great  advantage  was  derived 
from  the  addition  of  marl,  and  less  benefit  accrued  from 


the  mixture  of  vegetable  and  animal  manure  than  might 
have  been  expected,  from  the  advantage  obviously  derived 
from  it  in  the  practice  of  agriculture.  He  was  disposed  to 
conclude,  from  the  results  of  all  his  experiments,  that  wa- 
ter is  the  most  essential  agent  in  promoting  vegetation, 
and  that  the  principal  advantage  of  a soil  is  to  preserve  a 
certain  degree  of  humidity,  while  it  allows  the  roots  to 
extend  freely,  and  absorb  it. 

I he  following  analysis  of  a fertile  soil,  in  a climate  in 
which  much  rain  falls,  that  of  Piedmont,  is  given  on  the 
authority  of  Giobert.  One  pound  consisted  of 
Carbonaceous  Matter  25  grains 
Water  70 

Silex  from  4362  to  4475 

Argil  — 509  to  793 

Lime  — 283  to  6 79,  with  a portion 

ol  air,  about  19  grains,  of  which  one  third  was  carbonic 
acid,  and  the  remainder  carburetted  hydrogen.  In  less 
fertile  soils,  the  proportion  of  silex  in  the  pound  Troy  was 
from  2716  grains  to  4528,  of  argil  from  396  to  1245,  and 
of  lime  from  339  to  622.  And  in  barren  soils,  the  propor- 
tions were,  of  silex  from  2368  to  4963,  of  argil  from  1128 
to  1692,  and  of  lime  from  225  to  620.  In  a drier  climate, 
Bergman  found  a fertile  soil  to  consist  of  four  parts  of  clay, 
three  of  siliceous  sand,  two  of  calcareous  earth,  and  one  of 
magnesia.  It  appears,  from  the  several  analyses  that  have 
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been  made,  that  the  less  rain  falls  in  a country,  the  pro- 
portion of  calcareous  earth  in  the  soil  must  be  increased, 
and  that  of  siliceous  earth  diminished,  to  render  it  fertile. 
On  this  subject,  some  details  are  given  in  Kirwan’s  trea- 
tise *.  Some  facts  have  been  also  added  by  Davy,  in  a 
memoir  on  the  analysis  of  soils  f.  The  soils  that  are  most 
productive  of  corn,  he  remarks,  contain  always  certain 
proportions  of  argillaceous  and  calcareous  earth,  in  a fine- 
ly divided  state,  and  a certain  quantity  of  vegetable  or 
animal  matter.  The  quantity  of  calcareous  earth  is,  how- 
ever, very  various,  and  in  some  cases  very  small.  A very 
fertile  corn  soil  from  Ormiston  in  Last  Lothian,  affoided 
in  an  hundred  parts,  only  eleven  of  mild  calcareous  earth  : 
it  contained  twenty-five  parts  of  siliceous  sand  ; the  finely 
divided  clay  amounted  to  forty-five  parts ; it  lost  nine  in 
decomposed  animal  and  vegetable  matter,  and  four  in  wa- 
ter, and  afforded  indications  of  a little  phosphate  of  lime. 
Its  fertility  might  be  in  some  measure  connected  with  this 
last  substance,  as  it  is  found  in  wheat,  oats,  and  barley, - 
and  may  be  a part  of  the  food  of  the  plant. 

An  important  result,  which  appears  to  be  established  by 
some  of  Davy’s  analyses,  is,  that  a soil  may  be  fertile 
though  it  contain  little  vegetable  or  animal  matter.  A soil 
from  the  low  lands  of  Somersetshire,  celebrated  for  produc- 
ing excellent  crops  of  wheat  and  beans  without  manure,  he 
found  to  consist  of  one-ninth  of  sand,  chiefly  siliceous,  and 
eight-ninths  of  calcareous  marl,  tinged  with  iron,  and  con- 
taining only  about  five  parts  in  the  hundred  of  vegetable 
matter : no  phosphate  or  sulphate  of  lime  could  be  detected 
in  it.  And  hence,  as  he  remarks,  u its  fertility  must  have 
depended  principally  upon  its  power  of  attracting  princi- 
ples of  vegetable  nourishment  from  water  and  the  atmos- 
phere.” This  leads  to  an  important  inference  with  regard 


* Essay  on  Manures,  p.  55.  &c. 
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to  improving  soils.  <c  In  supplying  animal  or  vegetable 
manure,  a temporary  food  only  is  provided  for  plants, 
which  is  in  all  cases  exhausted  by  means  of  a certain  num- 
ber of  crops  : but,  when  a soil  is  rendered  of  the  best  pos- 
sible constitution  and  texture  with  regard  to  its  earthy 
parts,  its  fertility  may  be  considered  as  permanently  esta- 
blished. It  becomes  capable  of  attracting  a very  large  por- 
tion of  vegetable  nourishment  from  the  atmosphere,  and 
of  producing  its  crops  with  comparatively  little  labour  and 
expence.”  Some  alteration  in  its  constitution,  may,  no 
doubt,  arise  from  the  mere  succession  of  crops ; but  any 
deterioration  from  this  cause  may  be  obviated,  by  their  ju- 
dicious alternation,  or  by  other  methods  which  occasional 
analyses  would  suggest. 

The  results  of  analyses,  considered  as  affording  indica- 
tions of  fertility,  must  necessarily  differ  in  different  climates, 
and  under  different  circumstances.  “ The  power  of  soils 
to  absorb  moisture  ought  to  be  greater  in  warm  and  dry 
countries  than  in  cold  and  moist  ones,  and  the  quantity  of 
fine  argillaceous  earth  they  contain  larger.  Soils,  like- 
wise, that  are  situated  on  declivities,  ought  to  be  more  ab- 
sorbent than  those  in  the  same  climate  in  plains,  or  in 
valleys.  The  productiveness  of  soils  must  likewise  be  in- 
fluenced by  the  nature  of  the  sub-soil,  or  the  earthy  and 
stony  strata  on  which  they  rest.  Thus,  a sandy  soil  may 
sometimes  owe  its  fertility  to  the  power  of  the  sub-soil  to 
retain  water ; and  an  absorbent  clayey  soil  may  occasion- 
ally be  prevented  from  being  barren,  in  a moist  climate, 
by  the  influence  of  a sub-stratum  of  sand  or  gravel.” 

From  an  extensive  series  of  experiments  on  the  analysis 
of  soils  (in  which  some  new  methods  of  analysis  are  in- 
troduced) by  Professor  Schubler,  the  general  conclusion 
is  established,  that  the  qualities  of  soils,  in  respect  to  vege- 
tation, are  more  dependent  on  their  physical  condition  than 
on  their  chemical  constitution,  and  that  the  physical  pro- 
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perries  may  be  very  different,  where  the  chemical  consti- 
tuents are  the  same  ' . 

Besides  a proper  soil,  the  due  application  of  heat  and 
light  are  necessary,  as  has  been  already  stated,  to  the  pro- 
cess of  vegetation, — heat,  as  a stimulus  to  excite  and  sus- 
tain the  actions  of  the  plants, — light,  partly  from  the  same 
operation,  and  partly  from  its  chemical  powers. 

The  particular  statement  of  the  circumstances  influenc- 
ing vegetation,  presents  the  following  general  view  of  the 
series  of  chemical  changes  which  constitute  this  process. 

Regarding  germination  as  its  first  stage,  the  seed  expos- 
ed to  humidity  and  atmospheric  air  expands : its  farina- 
ceous matter,  by  the  action  of  the  oxygen  of  the  air,  is  con- 
verted into  sugar,  which  serves  as  food  to  the  infant  plant. 
Its  organs  are  gradually  unfolded,  and  its  nourishment  is 
received  from  a different  source : water,  pure,  or  holding 
vegetable  and  animal  matter  in  solution,  is  absorbed  by  the 
roots;  and,  in  a soil  containing  decomposing  vegetable 
and  animal  matter,  different  aerial  fluids  are  received,  and 
mingled  with  the  sap.  This,  in  its  progress  through  the 
root,  dissolves  even  part  of  the  vegetable  matter  ; and  from 
this  the  plant,  in  the  first  stages  of  its  growth,  is  better  en- 
abled to  form  its  various  parts.  It  is  brought  to  the  leaves 
of  the  vegetable,  and  is  there  presented,  under  an  extensive 
surface,  covered  with  a very  thin  membrane,  to  the  action 
of  the  air  and  light : part  of  its  water  transpires  ; carbonic 
acid,  and  other  elastic  fluids  from  the  atmosphere,  as  well 
as  substances  which  these  may  hold  dissolved,  are  perhaps 
absorbed  ; and,  by  the  action  of  the  vessels,  assisted  by  the 
chemical  agency  of  light,  new  combinations  are  established, 
and  the  proper  juice  of  the  plant  is  formed.  This  is  con- 
veyed by  the  footstalk  of  the  leaf,  and  by  vessels  proceed- 
ing downwards  through  the  bark,  or  between  it  and  the 
wood  : it  is  deposited  in  different  parts,  or  is  still  farther 

* Annals  of  Philosophy,  Vol.  7.  207.  Yol.  8.  1 15. 
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changed  in  its  progress, — changes  from  which  the  vege- 
table products  are  formed. 

lor  the  perfection  of  this  process,  the  soil  must  be  ad- 
apted to  the  nature  oi  the  vegetable;  it  must  permit  its 
loots  to  extend,  allow  access  to  the  air,  and  convey  and 
retain  the  necessary  degree  of  humidity;  its  nutritive 
powers  must  in  general  be  increased,  by  the  intermixture 
of  vegetable  and  animal  matter;  the  decomposition  of  this 
must  often  be  accelerated  by  other  species  of  manure ; and 
lastly,  all  the  actions  of  the  vegetable  must  be  excited  and 
sustained  by  the  due  proportion  of  heat  and  light. 

From  the  substances  conveyed  to  the  plant  from  the  air, 
water,  and  soil,  must  be  derived  the  elements  of  which  its 
products  are  formed.  But  in  the  uncertain  state  of  our 
knowledge  with  regard  to  what  principles  are  truly  ele- 
mentary, it  is  perhaps  in  vain  to  attempt  to  trace  with  cer- 
tainty the  source  of  those  ultimate  principles  which  the  ve- 
getable analysis  affords.  There  are  found  in  the  products 
of  the  vegetable  kingdom,  though  in  very  different  propor- 
tions, oxygen,  hydrogen,  nitrogen,  carbon,  sulphur,  phos- 
phorus,  the  fixed  alkalis,  lime,  magnesia,  argil  and  silex, 
and  several  metals,  particularly  iron,  manganese,  and,  as 
it  has  likewise  been  affirmed,  gold.  The  origin  of  some 
of  these  is  obvious ; that  of  others  is  more  obscure. 

With  regard  to  the  oxygen  and  hydrogen,  which  con- 
stitute so  large  a part  of  vegetable  matter,  there  is  no  diffi- 
culty  , since  they  may  be  derived  from  the  decomposition 
of  the  water  which  the  plant  absorbs,  or  a portion  of  the 
oxygen  may  be  received  from  the  atmospheric  air. 

Caibon  is  next  to  these  the  principal  element  of  vege- 
table products,  and  in  many  of  them  is  even  contained  in 
larger  proportion  ; its  origin  is  more  doubtful.  If  car- 
bonic acid  be  absorbed  by  vegetables  from  the  air,  and  de- 
composed, it  is  evident  that  from  this  their  carbon  is  ac- 
guired.  But  if  plants,  except  when  under  exposure  to 
solar  jjght,  consume  oxygen,  and  give  out  carbonic  acid, 
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it  is  doubtful,  whether  the  absorption  of  carbonic  acid,  if 
it  do  take  place  to  any  extent,  exceeds  the  actual  for- 
mation of  it,  much  more  whether  from  this  absorption  the 
progressive  augmentation  of  carbon,  which  accompanies 

their  growth,  can  be  derived. 

This  difficulty  exists  even  with  regard  to  plants  which 
grow  in  an  ordinary  situation,  that  is,  in  connection  with 
the  soil.  When  it  is  considered  to  how  short  a distance 
the  roots  extend  in  the  soil,  how  little  ol  this  is  carbona- 
ceous matter,  and  how  seldom,  with  regard  to  many  plants, 
this  soil  requires  to  be  renewed,  it  must  be  obvious,  that 
the  portion  of  carbon  contained  in  it,  or  supplied  to  it  by 
any  natural  process,  cannot  be  equal  to  the  quantity  which 
in  the  progress  of  the  growth  of  the  vegetable  is  fixed  in 
its  composition ; still  less  can  it  afford  the  larger  quantity 
which  the  plant,  except  when  under  the  influence  ol  solar 
light,  discharges  under  the  form  ol  carbonic  acid. 

The  difficulty  is  greater  where  the  plant  grows  when 
supplied  merely  with  water  and  atmospheric  air.  Some 
have  supposed,  indeed,  that  in  this  case  there  is  a mere 
expansion  of  the  vegetable  matter,  and  that  the  carbona- 
ceous matter  of  the  seed  and  root,  affords  the  whole  which 
enters  into  the  composition  of  the  grown  plant.  But  in- 
dependent of  the  quantity  lost  under  the  form  ol  carbonic 
acid,  the  increase  of  matter  is  obviously  such  as  to  pre- 
clude this  supposition.  The  tact  has  also  been  more 
rigorously  demonstrated.  An  experiment  made  by  Bra- 
connot  appears  to  be  decisive.  He  inclosed  in  bottles, 
containing  fine  white  sand,  previously  deprived  ol  calcare- 
ous earth,  by  washing  with  weak  muriatic  acid,  4-GO  seeds 
of  white  mustard.  The  sand  wras  moistened  with  distilled 
water ; the  remainder  of  the  bottle  w*as  filled  with  atmos- 
pheric air,  freed  from  carbonic  acid  ; and  the  bottles  were 
closed  accurately,  and  placed  a few  inches  deep  in  a moist 
soil.  Vegetation  soon  commenced ; after  six  weeks  growth, 
the  plants  were  removed,  washed  with  care,  and  dried. 
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They  weighed  140  grains.  Decomposed  by  heat  they  af- 
forded 74  grains  of  coal ; by  incineration  51  grains  of  very 
alkaline  ashes  were  obtained  from  this;  and  consequently 
it  had  contained  23  grains  ol  pure  charcoal.  To  afford 
a comparative  result,  460  white  mustard  seeds  were  de- 
composed by  heat,  and  only  62  grains  ol  coal  were  obtain- 
ed, which  lost  nearly  hall  its  weight  by  calcination. 
Hence  it  follows,  as  Braconnot  remarks,  that  460  mustard 
seeds  acquired  by  vegetation  in  close  vessels  upwards  of 
15i  grains  of  pure  carbon  *. 

Such  tacts  add  to  the  probability  of  the  conclusion,  that 
plants  absorb  carbonic  acid  from  the  atmosphere,  and 
decompose  it,  retaining  its  carbon  : otherwise  no  satisfac- 
tory account  can  be  given  ol  the  origin  of  this  element  in 
vegetable  matter. 

1 he  nitrogen,  which,  so  far  as  our  knowledge  of  the 
analysis  of  vegetable  substances  extends,  enters  in  sparing’ 
quantity  into  their  composition,  may  be  derived  from  the 
atmosphere,  or  from  the  portion  of  it  which  water  holds 
loosely  dissolved,  or  from  the  soil. 

Sulphur  is  contained  in  the  roots  and  juices  of  some 
vegetables  f,  and,  from  the  quantity  of  sulphates  obtained 
By  the  incineration  of  plants,  is  perhaps  a more  common 
and  abundant  ingredient  than  has  been  usually  supposed. 
Phosphorus  enters  into  the  composition  of  certain  proxi- 
mate principles  contained  in  the  nutritive  grains  and  roots, 
and  is  yielded  in  the  state  of  phosphate  of  potash  and  of 
lime,  by  the  incineration  of  almost  every  variety  of  Vege- 
table matter,  as  T.  Saussure  has  shewn.  But  with  regard 
to  both,  little  can  be  said  with  precision.  They  may  be 
derived  from  the  soil ; at  least  it  has  not  been  determined 
by  any  accurate  experiment,  whether  they  are  contained 
in  sensible  quantity  in  vegetables  which  have  grown,  sup- 

* Nicholson’s  Journal,  vol.  xviii.  p.  25. 
t Journal  tie  Physique,  1781,  p.  241 
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plied  with  air  and  water  alone.  Braconnot  has  observed 
that  radishes,  which  had  been  raised  from  seeds  planted 
in  well-washed  sand,  and  supplied  with  pure  rain-water, 
afforded  traces  of  sulphur  in  their  analysis ; but  the  ex- 
periment can  scarcely  be  regarded  as  sufficiently  accurate, 
nor  as  precluding  the  supposition,  that  the  small  portion 
of  sulphur  might  have  been  contained  in  the  seeds. 

The  saline  substances  afforded  by  the  vegetable  analysis 
are  various,  and  often  in  considerable  quantity.  Their 
bases  are  usually  the  fixed  alkalis,  and  lime  and  magnesia ; 
the  acids  with  which  these  are  combined  are  the  sulphuric, 
muriatic,  and  carbonic,  and,  in  more  sparing  quantity,  the 
phosphoric.  Silex  sometimes  exists  as  a deposite  in  cer- 
tain parts  of  plants,  particularly  in  the  stems,  and  is  gene- 
rally contained  in  the  matter  which  remains  after  the  inci- 
neration of  any  vegetable.  This  residual  matter,  too, 
almost  always  contains  iron,  with  which  manganese  is  often 
associated. 

It  is  not  easy  to  determine  in  what  state  these  substances 
exist  in  the  vegetable.  The  salts  may  exist  in  it  in  the 
state  in  which  they  are  obtained,  or  they  may  be  formed 
during  the  incineration  by  the  combination  of  their  ele- 
ments. It  is  not  improbable,  that  even  the  alkalis  and  earths 
may  have  this  origin,  their  bases  existing  perhaps  as  pri- 
mary ingredients  of  the  vegetable  products.  W hichever 
of  these  opinions  be  adopted,  it  is  obvious  that  they  may 
either  be  formed  by  the  process  of  vegetation,  or  they  may 
be  derived  by  absorption  from  the  soil,  either  in  their  pri- 
mary state,  or  in  the  state  in  which  they  arc  obtained. 
The  former  conclusion  has  been  inferred  from  the  fact, 
that  so  many  vegetables  grow  when  supplied  with  air  and 
water  alone;  while  in  opposition  to  it,  it  has  been  urged, 
that  water  is  scarcely  ever  perfectly  free  from  foreign  mat- 
ter, and  that  from  this,  or  from  the  materials  supporting 
the  growing  vegetable,  these  principles  might  derive  their 
origin.  It  is  difficult  to  obtain  anv  earthv  substance  free 
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from  fill  saline  and  metallic  matter;  even  water  which  has 
once  been  distilled  may  contain  minute  portions  of  these, 
and  the  atmosphere  holds  various  substances  in  a state  of 
mechanical  suspension.  Hence  the  difficulty  of  making 
such  experiments,  so  that  the  result  may  be  unexception- 
able. And  in  plants  growing  in  the  soil,  there  is  an 
abundant  source  of  such  principles.  Some  facts  too,  which 
have  been  long  known,  prove  the  connection  of  the  saline 
matter  in  vegetables  with  the  soil.  Thus,  marine  plants 
usually  contain  muriate  ot  soda,  which  diminishes  in  quan- 
tity, and  at  length  disappears  when  they  are  transplanted 
to  an  inland  situation : and  certain  plants  which  contain 
nitre,  as  pellitory,  borrage,  and  others,  do  not  flourish  but 
in  a soil  containing  nitrous  salts. 

The  researches  of  Saussure  on  the  analysis  of  vegetables, 
the  results  of  their  incineration,  and  the  connection  of 
these  with  the  soil,  have  been  extensive,  with  the  view  of 
elucidating  this  subject. 

He  established,  in  the  first  place,  that  analysis  discovers 
all  these  substances  in  vegetable  mould* ; and  farther,  that 
they  exist  in  solution  in  water  which  has  macerated  on  that 
mould  f.  He  also  found,  that  plants  absorb  small  quanti- 
ties of  saline  substances,  when  these  are  presented  to  their 
roots  in  solution  in  water  f,  the  quantity  absorbed  being- 
greater  with  regard  to  some  salts  than  with  regard  to 
others.  Since  these  substances,  therefore,  are  usually  con- 
tained in  the  soil,  and  since  they  are  capable  of  passing  by 
absorption  into  the  vegetable  system,  their  presence  in  ve- 
getables is  rather  to  be  expected,  and  it  would  even  be  sur- 
prising if  they  were  entirely  wanting. 

Saussure  farther  found,  by  comparative  trials  on  plants 
supplied  with  pure  water,  and  with  water  in  which  certain 
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salts  were  dissolved,  that  the  saline  matter  which  had  been 
absorbed  remained  in  the  plant,  and  might  be  detected  in 
the  ashes  formed  by  its  combustion  *.  It  likewise  follow- 
ed, from  other  comparative  experiments,  that  when  beans 
were  made  to  vegetate,  by  being  supplied  in  one  arrange- 
ment with  distilled  water,  being  planted  in  another  in  gravel 
in  glass  capsules  placed  in  the  open  fields,  and  supplied  with 
rain-water,  and  in  a third,  being  planter!  in  the  common 
soil  in  pots, — in  all  these  cases,  the  quantity  of  ashes  they 
afforded  on  burning  was  different;  from  100  parts  of  the 
dried  vegetable  matter  of  the  first,  3.9  parts  of  ashes  were 
obtained;  from  100  ol  the  second,  7.5  parts;  and  from 
100  of  the  third,  12  parts  + ; thus  proving  that  a consider- 
able portion  of  saline  and  earthy  matter  was  conveyed 
from  the  soil. 

In  the  last  place,  the  proportions  of  the  elements  of  the 
ashes  have  almost  always  a certain  relation  to  the  soil. 
Plants  which  have  vegetated  in  a soil  that  has  originated 
from  the  disintegration  of  a siliceous  rock,  furnish,  other 
circumstances  being  alike,  ashes  which  contain  less  lime 
and  more  silex  than  those  which  have  grown  in  a calcareous 
soil.  If  the  soil,  however,  contain  much  vegetable  mould, 
this  may  not  happen : the  ashes  will  then  be  alike.  I his 
was  established  by  an  experiment  made  by  Lampadius. 
He  prepared  in  a garden  five  spots  of  four  feet  square 
surface,  and  one  foot  depth ; in  each  he  put  a mixture  of 
a pure  earth,  and  of  eight  pounds  of  animal  manure.  He 
sowed  rye-seeds  in  each ; and  the  ashes  of  the  plants  pro- 
duced were  all  found  to  contain  the  same  principles. 
Lampadius  concluded  from  this,  that  the  earths  found  in 
vegetables  are  formed  in  vegetation  ; but,  as  Saussurc 
has  remarked,  the  manure,  not  having  been  analysed, 
might  contain  a sufficient  quantity  of  those  earthy  and 
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saline  substances  most  congenial  to  the  plant,  and  which  it 
would  absorb  *. 

All  these  facts  appear  in  favour  of  the  conclusion,  that 
the  saline,  earthy,  and  metallic  substances  found  in  plants 
are  derived  from  the  soil. 

From  this  conclusion,  Saussure  explained  a number  of 
facts  connected  with  the  production  of  ashes  by  incinera- 
tion from  vegetables,  which  otherwise  have  not  been  ac- 
counted for  f.  Thus,  herbaceous  plants  afford  more 
saline  matter  than  those  which  are  larger,  and  have  more 
wood.  Now,  according  to  his  experiments,  saline  matter 
is  conveyed  into  the  plant  only  by  absorption  of  water 
holding  it  in  solution,  and  this  only  in  Very  minute  quan- 
tity. It  follows,  therefore,  that  those  plants  which  absorb 
and  transpire  most  should  contain  the  largest  quantity  of 
saline  matter,  as  the  largest  quantity  must  be  conveyed 
into  their  substance.  But  it  is  proved,  by  the  experiments 
of  Hales  and  Bonnet,  that  herbaceous  plants  transpire 
more  than  those  of  a larger  size. 

It  may  be  expected,  that  the  saline  matter  will  be  prin- 
cipally deposited  in  those  organs  in  which  transpiration  is 
performed.  These  are  chiefly  the  leaves;  and  according- 
ly, experiment  has  proved,  that  in  a given  weight,  the 
leaves  yield  more  saline  matter  than  any  other  part  of  the 
plant.  The  bark,  Saussure  found,  contains  more  than  the 
interior  parts,  and  obviously  from  a similar  cause. 

When  the  parts  of  a vegetable,  the  leaves  for  example, 
are  washed  repeatedly  with  water,  they  afford  a smaller 
quantity  of  ashes  on  burning,  than  when  burnt  without 
this  previous  washing;  which  proves,  that  part  at  least  of 
the  saline  matter  obtained  by  their  incineration,  exists  as 
such  in  the  plant. 

It  is  to  be  added  to  this  general  statement,  that  although 
these  principles  are  chiefly  derived  from  the  soil,  Saussure 
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found  reason  to  conclude,  irom  some  expeiiments,  that  the 
atmosphere  may  afford  a portion  of  them.  Ihe  expeii- 
ment  by  which  this  was  to  be  determined  was,  obviously, 
to  cause  grains  to  grow  in  distilled  water,  and,  by  a com- 
parative experiment,  to  determine  whether  the  plants  pro- 
duced afforded  more  saline  or  earthy  matter  than  was  con- 
tained in  the  seed.  On  making  the  experiment,  it  was 
found,  that  there  was  a small  increase  of  this  matter  dur- 
ing the  vegetation,  which,  according  to  the  views  of  Saus- 
sure,  had  probably  been  deposited  from  the  atmosphere 
on  the  leaves  of  the  plant  *.  This  serves  to  explain  the 
results  of  some  experiments  by  Schrader,  in  which  a por- 
tion of  earthy  matter,  exceeding  what  was  originally  con- 
tained in  the  seeds,  was  obtained  from  wheat,  rye,  and 
other  similar  plants,  which  had  grown  in  sulphur,  (a  sub- 
stance which,  of  any  that  could  be  employed,  was  found 
to  be  most  easily  freed  completely  of  any  earthy  matter), 
and  been  supplied  only  with  distilled  water  ; as  in  these 
experiments  the  atmospheric  air  was  freely  admitted. 
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CHAP.  II. 


OE  THE  PROXIMATE  PRINCIPLES  OF  VEGETABLES. 


J.F  the  chemist,  in  the  examination  of  the  products  of  the 
vegetable  kingdom,  were  under  the  necessity  of  investi- 
gating the  properties  and  composition  of  the  individual 
substances  produced  by  every  plant,  the  task,  from  its  ex- 
tent, could  scarcely  be  executed.  It  is  one,  however,  which 
is  unnecessary  ; for  however  diversified  the  products  of  ve- 
getation appear  to  be,  they  are  all  reducible  to  a few  spe- 
cies, distinguished  by  appropriate  characters.  These  form 
what  are  named  the  Proximate  Principles  of  Plants;  they 
are  obtained  by  a very  simple  analysis,  and  are  all  com- 
pounds formed  by  the  combination  of  the  ultimate  elements 
of  vegetable  matter. 

Thus,  suppose  that  the  object  is  to  discover  the  compo- 
sition of  the  bark  of  any  vegetable,  it  is  not  resolved  at  once 
into  its  ultimate  elements  ; we  first  endeavour  to  discover 
of  what  immediate  principles  it  is  composed.  If,  with  this 
view,  it  be  subjected  to  maceration  in  water,  it  will  pro- 
bably communicate  to  the  water  colour,  taste,  and  other 
sensible  qualities.  If  it  be  heated  with  water  in  close  ves- 
sels, a portion  distils  over,  from  which  an  oil  may  separate, 
possessing  odour  and  taste.  If  it  be  digested  in  alkohol, 
a substance  may  probably  be  extracted,  which  had  resisted 
the  action  of  the  water;  and  after  repeated  experiments  of 
this  kind,  nothing  is  left,  but  the  inert  ligneous  fibre.  If 
it  be  inquired,  what  was  the  composition  of  the  bark,  the 
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analysis  warrants  the  conclusion,  that  it  consisted  oi  a pe- 
culiar matter  soluble  in  water;  ol  anothei,  not  soluble  to 
any  extent,  but  volatile  at  the  temperature  of  212  ; and  oi 
a third  substance,  neither  soluble  in  water  nor  volatile,  but 
capable  of  being  dissolved  by  alkohol;  these  being  attached 
to  the  ligneous  fibre.  In  a similar  manner,  the  seed  or  fruit 
of  a vegetable,  or  any  of  its  productions,  may  be  analysed. 

The  result  of  such  researches  is  the  discovery  of  a cer- 
tain number  of  principles,  capable  of  being  distinguished 
from  each  other  by  peculiar  properties,  and  forming  by 
their  mixture  or  combination,  all  the  varieties  of  vegetable 
matter.  It  is  to  these  chiefly  that  the  attention  of  the  che- 
mist is  confined.  It  would  not  only  be  an  endless  task  to 
examine  chemically  every  individual  vegetable  substance, 
but  it  would  be  one,  in  a chemical  point  of  view,  compa- 
ratively without  utility,  since  many  would  be  found  so  much 
alike,  that  no  discrimination  of  them  as  chemical  agents 
could  be  established.  Differences  of  sensible  qualities  ex- 
ist, which  are  with  propriety  observed  by  the  naturalist, 
or  by  the  physician,  as  they  are  often  adapted  to  impor- 
tant purposes  in  medicine  or  in  the  arts;  but  which  are 
neglected  by  the  chemist.  They  probably  depend,  indeed, 
on  variations  in  the  composition  of  the  different  substan- 
ces ; but  such  variations  are  too  subtle  to  be  traced  with 
accuracy  by  chemical  analysis.  Thus,  vegetable  essential 
oils  possess  the  same  chemical  qualities,  and  would  afford, 
on  decomposition,  the  same  ultimate  principles  in  the  same 
proportions  ; or,  if  any  difference  were  observed,  it  could 
never  be  clearfy  established,  that  this  was  the  cause  of  the 
differences  in  their  properties.  And  the  case  would  be 
the  same  with  regard  to  the  other  proximate  principles. 
rl  his  necessarily  leads  to  a more  general  examination,  and 
the  chemist  must  rest  satisfied  with  reducing  all  these 
varieties  to  a few  well-defined  species ; those  under  each 
species  agreeing  in  their  essential  chemical  properties  and 
relations,  though  they  may  vary  in  their  sensible  qualities. 
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The  first  step,  then,  in  the  consideration  of  the  vege- 
table substances,  is  the  discrimination  of  these  species,  or 
of  what  are  named  the  vegetable  Proximate  Principles. 
These  exist  in  the  entire  plant  in  various  states.  Some 
arc  collected  in  particular  organs,  nearly  pure  ; others  are 
mixed  with  the  common  sap,  or  with  each  other  : and 
vsome  are  chemically  combined.  Different  methods,  there- 
fore, arc  employed  to  obtain  them  separate.  Sometimes 
they  are  procured  by  spontaneous  exudation  ; some  may 
be  obtained  by  mechanical  expression  ; those  which  are 
volatile  are  separated  by  heat,  and  others  are  extracted  bv 
water,  alkohol,  or  other  solvents.  When  obtained  separate, 
the  requisite  discriminations  between  them  are  established. 

In  the  last  place,  it  is  necessary  to  investigate  the  com- 
position of  these  substances.  This  is,  however,  extremely 
difficult : it  is  liable  to  all  the  inaccuracies  arising  from  a 
complicated  analysis  ; and  we  are  unable  to  bring  our  con- 
clusions to  the  surer  test  which  synthesis  affords. 

The  mode  of  effecting  this  analysis,  which  has  been 
generally  employed,  is  the  application  of  heat.  When  a 
vegetable  is  raised  to  a temperature  superior  to  212°,  in 
close  vessels,  the  water  it  contains  is  first  expelled  : its  de- 
composition then  commences,  and  its  elements  enter  into 
new  combinations : a coloured  cmpyreumatic  oil  distils 
over ; this  is  followed  by  an  acid  which  condenses  in  the 
fluid  form  : a quantity  of  aerial  fluid  is  extricated,  which 
is,  in  general,  a mixture  of  carburetted  hydrogen,  carbonic 
oxide,  and  carbonic  acid  ; and  a quantity  of  charcoal  re- 
mains, with  minute  portions  cl  salts,  earths,  and  metals. 
The  nature  of  this  analysis  is  sufficiently  evident.  The  ve- 
getable mattei  does  not  consist  of  all  these  products,  but 
by  the  heat  applied,  the  balance  of  attractions  between  its 
elements  has  been  broken  \ tiiese  enter  into  new  combina- 
tions, and  form  the  oil,  the  acid,  and  other  substances 
which  the  analysis  affords.  The  oil  is  formed  by  the  union 
of  part  of  the  hydrogen  with  part  of  the  carbon  of  the  ve- 
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ge  table  matter;  the  acid,  by  the  combination  of  another 
portion  of  carbon  and  hydrogen  with  oxygen ; and  the 
carbu  retted  hydrogen,  and  carbonic  acid,  are  products  of 
the  same  principles,  united  in  other  proportions. 

This  analysis  of  vegetables  by  fire  was  often  performed 
by  the  older  chemists.  They  supposed,  that  by  means  of 
it  they  might  discover  the  source  of  the  peculiar  properties 
of  different  kinds  of  vegetable  matter.  With  this  view, 
above  one  thousand  different  plants  were  analysed  by  the 
members  of  the  French  Academy,  in  the  beginning  of  the 
last  century,  but  with  no  advantage : the  same  products 
were  afforded  by  the  analysis  of  all  of  them  ; and  these  pro- 
ducts not  being  such  as  pre-existed  in  the  matter  analysed, 
but  originating  from  new  combinations  of  its  principles? 
could  give  no  just  idea  of  its  composition,  at  a time  when 
these  ultimate  principles  were  unknown. 

Even  modern  chemistry  derives  limited  information  from 
such  an  analysis;  at  least  without  farther  experimental 
investigation.  Some  general  conclusions  may  indeed  be 
drawn.  If  the  substance  analysed  yields  a large  quantity 
of  acid,  we  conclude,  that  it  has  contained  a considerable 
quantity  of  oxygen.  If  it  afford  much  oil,  we  conclude 
that  it  contains  a considerable  quantity  of  hydrogen,  since 
this  element  is  the  principal  constituent  part  ol  empyreu- 
matic  oil.  When  ammonia  or  prussic  acid  is  afforded, 
we  infer  that  the  substance  operated  on  contains  nitrogen, 
as  that  element  is  necessary  to  the  formation  of  either  of 
these  substances.  In  the  same  manner  are  discovered  the 
earths  and  metals  which  the  vegetable  may  contain ; and 
from  the  quantity  of  charcoal  which  remains,  some  con- 
clusion may  be  drawn  as  to  the  quantity  of  carbon.  But 
to  determine  the  composition  with  sufficient  precision, 
farther  experimental  investigations  are  required  : the  acid, 
the  oil,  and  the  compound  gases  which  have  been  procur- 
ed, must  be  analysed,  and  the  proportions  of  their  ele- 
ments ascertained.  The  process  is  thus  rendered  laborious 
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and  complicated  ; and  the  whole  is  still  liable  to  the  source 
ot  error  arising  from  the  uncertainty  w hat  proportion  of 
the  products  ot  the  analysis,  of  the  water  in  particular, 
pre-existed  in  the  vegetable  matter,  or  has  been  actually 
formed. 

Sometimes  the  proximate  principles  ot  vegetables  are 
analysed  by  exposing  them  to  heat,  with  the  access  of  at- 
mospheric air,  and  collecting  the  products  of  their  combus- 
tion. from  the  nature  ot  these  we  ascertain  the  nature  of 
the  elementary  principles:  and  from  the  quantities,  the  pro- 
portions in  w hich  they  w’ere  united.  Oil,  when  subjected 
to  this  analysis,  yields  carbonic  acid  and  water,  and  must 
tiierefore  consist  of  carbon  and  hydrogen,  either  with  or 
without  oxygen.  The  quantity  of  carbonic  acid  produced, 
gives  the  quantity  of  carbon ; the  quantity  of  water  the 
proportion  ot  hydrogen  ; and  by  comparing  the  quantities 
ot  these  pioducts  with  the  quantity  of  oxygen  consumed, 
v.  e discover  whether  oxygen  has  been  an  element  in  the 
substance  analysed,  and  in  what  proportion.  This  method, 
when  it  is  applicable,  gives  more  direct  results. 

"I  he  proximate  principles  of  vegetables  are  sometimes 
analysed  by  spontaneous  decomposition.  It  is  thus  that 
sugar  is  brought  into  the  state  of  fermentation ; and  from 
the  products  of  the  fermentation,  the  principles  of  the  sac- 
charine matter  are  determined.  The  analysis  of  these  sub- 
stances is  in  a few  cases,  too,  effected  by  the  agency  of  the 
acids,  particularly  the  nitric,  which  communicate  to  them 

oxygen  ; and  by  the  product  the  nature  of  their  acidifiable 
base  is  ascertained. 

A peculiar  mode  ot  analysing  vegetable  subtances  lias 
been  introduced  by  Gay  Lussac  and  Thenard.  It  consists 
in  converting  the  vegetable  matter,  by  oxygenation,  into 
water  and  carbonic  acid,  by  burning  it  by  means  of  hyper- 
oxymuriate  ot  potash,  a substance  which  affords  oxygen 
with  so  much  facility,  that  the  method  has  the  advantage 
**f  beinS  applicable  to  almost  every  variety  of  vegetable 
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matter,  while  it  affords  also  the  most  direct  results.  A 
certain  weight  of  the  body  to  be  analysed  is  intimately 
mixed  with  fused  hyper-oxymuriate  of  potash,  both  hav- 
ing been  dried  at  the  heat  of  boiling  water,  and  the  pro- 
portion of  hyper-oxymuriate  being  used,  which  may  be 
found  by  preliminary  trials  necessary  to  render  the  combus- 
tion complete.  The  mixture  is  made  into  small  balls  with 
water,  and  these  are  brought  to  dryness  by  exposure  to  the 
heat  of  boiling  water.  They  arc  introduced  successively 
into  the  apparatus  by  a tube  with  a stop-cock,  having  a 
cavity  into  which  they  are  received,  and  to  which  heat  is 
applied  to  excite  the  combustion.  The  quantity  of  oxy- 
gen which  is  furnished  by  a given  weight  of  oxy-muriate 
of  potash  is  known.  To  discover  the  products,  the  elastic 
fluid  produced  in  the  operation  is  collected  over  mercury, 
— the  quantity  of  carbonic  acid  it  contains  is  estimated  by 
absorption  by  solution  of  potash ; an  excess  of  oxygen 
generally  disengaged  from  the  decomposition  of  the  salt, 
will  be  found  in  the  residual  gas;  any  nitrogen  gas  mixed 
with  it  will  be  discovered  by  the  removal  of  the  oxygen  by 
a eudiometrical  process ; and  if  any  carburetted  or  oxy- 
carburetted  hydrogen  has  been  disengaged,  it  may  be  dis- 
covered by  exploding  the  gas  containing  the  excess  of  oxy- 
gen, with  a given  quantity  of  pure  hydrogen  gas.  1 his 
will  be  consumed,  any  carburetted  hydrogen  gas  present 
will  likewise  burn  during  the  detonation  ; and  the  diminu- 
tion of  volume  after  the  combustion  will. shew  its  quantity. 
Thus  are  obtained  all  the  facts  whence  the  proportions 
may  be  determined, — the  quantity  of  oxygen  consumed, 
the  quantity  of  carbonic  acid  formed,  which  gives  the 
quantity  of  carbon,  and  by  comparison  with  the  weight  of 
the  substance  analysed,  gives  also  the  quantity  of  water 
produced,  account  being  taken  of  any  nitrogen  evolved, 
or  any  carburetted  hydrogen  formed ; and,  lastly,  if  any 
fixed  substance  is  afforded,  it  remains  mixed  with  the  resi- 
dual muriate  of  potash,  and  its  nature  and  quantity  may  be 
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determined.  Or  this  may  be  done  by  the  incineration  of 
the  vegetable  matter  *. 

This  method  is  probably  superior  to  any  that  had  been 
before  employed.  It  is  liable  however  to  some  difficulties, 
particularly  in  determining  with  precision  what  quantity 
of  water  has  pre-existed  in  the  substance ; this  is  more 
particularly  the  case  in  assigning  the  composition  of  the 
vegetable  acids,  as  I shall  afterwards  have  to  notice,  though 
the  difficulty,  it  is  to  be  acknowledged,  is  one  connected 
with  the  vegetable  analysis  itself,  rather  than  with  the  pe- 
culiar method  employed.  There  must,  however,  in  the  pro- 
cess of  these  chemists,  be  an  additional  source  of  error  from 
the  mixture  being  moistened,  and  the  uncertainty  of  its  be- 
ing brought  again  precisely  to  the  same  degree  of  dryness. 
Berzelius  has  remarked,  too,  that  the  quantity  of  hydro- 
' gen  is  determined  from  the  loss  of  weight  attending  the 
operation,  which  in  some  cases  may  be  owing,  in  part  at 
least,  to  other  causes ; and  as  the  equivalent  combining 
quantity  of  hydrogen  is  so  small,  a very  trivial  error  in 
its  estimation  leads  to  very  important  results  f. 

Some  general  conclusions  were  stated  by  Gay  Lussac 
and  Thenard,  from  the  results  of  their  experiments.  They 
inferred,  that  in  a number  of  vegetable  substances,  the 
proportions  of  the  oxygen  and  hydrogen  are  those  that 
form  water,  to  which  is  added  a certain  proportion  of  car- 
bon ; so  that  this  proportion  of  carbon,  with  a certain 
weight  of  water,  would  give  the  proportions  of  the  elements 
ot  these  substances.  There  are  others  in  which  the  oxy- 
gen is  present  in  a larger  proportion  to  the  hydrogen,  than 
that  which  forms  water ; and  in  a third  class  there  is  an 
excess  ot  hydrogen.  From  these  facts  they  farther  in- 
ferred, 1.9/,  “ That  a vegetable  substance  is  acid,  when  the 
oxygen  in  it  is  to  the  hydrogen  in  a larger  proportion  than 

* Recberches  Pbysico-Chimiques,  tom.  ii.  p.  521. 

t Annuls  at’  Philosophy,  vo  1.  iv.  p.  402. 
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that  in  water.”  2 dly,  “ It  is  resinous  or  oily,  when  the 
oxygen  in  it  is  to  the  hydrogen  in  a smaller  proportion 
than  that  which  forms  water.  And,  3 %,  “ It  is  neither 
acid  nor  resinous,  when  the  oxygen  and  hydrogen  are  in 
the  same  proportion  as  that  constituting  water  sugar, 
gum,  starch,  and  the  ligneous  fibre,  are  the  principal  sub- 
stances of  this  class.  The  following  table  gives  the  re- 
sults by  this  method,  and  according  to  these  views*. 
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Water. 

1 

Oxygen  in 
excess. 

Sugar  .... 

42.47 

50.63 

6.90 

42.47 

57.53 

0 

Gum-arabic  . . 

42.23 

50.84 

6.93 

42.23 

57.77 

0 

Fecula  .... 

43.55 

49.68 

6.77 

43.55 

56.45 

0 

Sugar  of  milk  . 

38.825 

53.834 

7.341 

38.825 

61.175 

0 

Oak-wood  . . 

52.53 

41.78 

5.69 

52.53 

47.47 

0 

Beech-wood 

51.45 

42.73 

5.82 

51.45 

0 

Mucous  acid 

33.69 

62.67 

3.62 

33.69 

30.16 

36.15 

Oxalic  acid  . . 

26.57 

70.69 

2.74 

26.57 

22.87 

50.56 

Tartaric  acid  . 

24.05 

69.32 

6.63 

24.05 

55.24 

20.71 

Citric  acid  . . 

33.81 

59-86 

6.33 

33.81 

52.75 

13.44 

Acetic  acid  . . 

50.22 

44.15 

5.63 

50.22 

46.91 

2.87 

Hydrog. 

in  excess. 

Resin,  common 

75.94 

13.34 

10.72 

75.94 

15.16 

8.90 

Copal  .... 

76.81 

10.61 

12.58 

76.81 

12.05 

11.14 

Wax  .... 

81.79 

5.54 

12.67 

81.79 

6.30 

11.91 

Olive  oil  . . . 

77-21 

9-43 

13.36 

77-21 

10.71 

12.0S 

* Gay  Lussac  has  since  said  (Annals  of  Philosophy,  vol.  vi. 
p.  194'.)  that  lie  considers  these  general  conclusions  as  liable  to 
exception.  And  Berzelius  had  before  stated  some  results  at  va- 
riance with  them,  (Annals,  vol.  v.  p.  178.  vol.  vi.  p.  451.).  The 
whole  subject  indeed,  I.  shall  immediately  have  to  remark,  is  to 
be  considered  under  a very  different  point  of  view. 
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Berzelius  has  submitted  a number  of  vegetable  substan- 
ces to  analysis,  by  a method  somewhat  similar  to  that  of 
Gay  Lussac;  burning  them  in  a tube  with  oxvmuriate  of 
potash,  with  the  addition  of  a portion  of  fused  muriate  of 
soda  to  moderate  the  combustion,  and  with  several  minute 
precautions  to  insure  accuracy  * The  following  table 
presents  the  results  f : 


Substances. 

Oxygen. 

Carbon. 

Hydrogen. 

Citric  acid 

Tartaric  acid 

Oxalic  acid 

Succinic  acid 

Acetic  acid  ..... 

Gallic  acid 

Saclactic  acid  .... 

Benzoic  acid  .... 

Tannin  (from  nutgalls)  . . . 

Common  sugar 
Sugar  of  milk  .... 
Gum-arabic  .... 

Potatoe  starch  ... 

54.831 

60.213 

66.534 

47.888 

46.82 

38.36 

61.465 

20.43 

44.654 

51.47 

51.306 

49.455 

41.369 

35.980 

33.222 

47.600 

46.83 

56.6  4 

33.430 

74.41 

51.160 

41.48 

39.474 

41.906 

43.481 

3.800 

3.807 

0.244 

4.512 

6.35 

5.00 

5.105 

5.16 

4.186 

7.05 

7.167 

6.788 

7-064 

j 

Some  of  these  results  correspond  very  nearly  with  those 
of  Gay  Lussac,  others  differ  considerably.  The  coinci- 
dence in  the  examples  of  sugar  of  milk,  gum,  and  starch, 
is  as  close  nearly  as  is  to  be  looked  for  even  in  a repetition 
of  experiments  by  the  same  method.  The  discrepancies 
are  principally  in  the  vegetable  acids.  But  here  the  diffe- 
lence  is  more  apparent  than  real.  In  the  experiments  of 
Gay  Lussac,  these  acids, — the  oxalic,  tartaric,  citric,  &c. 
weie  submitted  to  experiment,  freed  from  any  adhering 
water,  by  being  dried  at  a temperature  of  212°,  or  rather 
combined  with  a base  such  as  lime,  by  which  no  water  of 
composition  is  abstracted.  But  Berzelius,  in  conformity 
to  the  opinion,  that  the  more  powerful  acids  contain  com- 


* Annals  of  Philosophy,  vol.  iv.  p.  401.  vol.  v.  p.  9.7.  &r. 
t J.bicl.  vol.  vii.  p.  45. 
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bined  water,  and  that  the  composition  of  the  real  acid 
abstracted  from  this  water  is  that  which  is  to  be  deter- 
mined, conducted  the  analysis  in  such  a manner  as  to  at- 
tain this.  He  combined  the  acid  to  be  operated  on  with 
oxide  of  lead  ; the  portion  of  combined  water,  as  he  con- 
sidered it,  was  thus  separated  ; the  real  acid  remained  in 
combination  with  the  oxide  of  lead,  and  in  this  state  it 
was  submitted  to  the  analytic  process  with  the  oxymuriate 
of  potash.  The  results,  therefore,  must  differ  from  those 
of  the  opposite  method,  in  the  abstraction  of  the  oxygen 
and  hydrogen  of  this  water.  But  if  the  quantities  of  these 
arc  taken  into  account,  it  will  be  found  that  there  is  in  ge- 
neral a very  near  coincidence  with  those  of  Gay  Lussac,  as 
I have  shewn  in  a Memoir  in  which  this  subject  is  investi- 
gated*, and  as  will  be  more  fully  stated  under  the  history  ol 
the  vegetable  acids.  There  is  no  just  reason  to  admit  the 
existence  of  this  combined  water ; what  is  abstracted  is 
the  product  of  partial  decomposition  of  the  acid,  conform- 
able to  what  has  been  already  explained  in  considering  the 
theory  of  acids.  And  the  proportions  assigned  by  Gay 
Lussac,  or  those  of  Berzelius  corrected  by  restoring  these 
quantities  of  oxygen  and  hydrogen,  are  to  be  considered 
as  correct.  From  the  coincidence  between  them,  they  ap- 
pear to  be  determined  with  more  accuracy  even  than 
might  be  expected. 

The  composition  of  the  following  vegetable  principles 
has  been  assigned  by  Th.  Saussure  f : 


Substances. 

Oxygen. 

Carbon. 

Hydrogen. 

Azote.  1 

Starch  of  wheat  . 

48.31 

45.39 

5.90 

0.4 

Starch  sugar  .... 

55. 87 

37.29 

6.84 

— 

Sugar  of  grapes  . 

56'.  51 

36.71 

6.78 

— 

Manna 

47-82 

6.06 

0.32 

Gum-arabic  .... 

48.26’ 

45.84 

5.46 

0.44 

* Transactions  of  the  lloyal  Society  of  Edinburgh,  vol.  viii.  part  2. 
t Annals  of  Philosophy,  vol.  vii.  p.  46. 
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Ihe  results  of  the  vegetable  analysis  are  not  easily 
brought  under  the  law  ot  definite  proportions.  In  inor- 
ganic compounds,  the  constituent  elements  are  generally 
in  binary  combinations ; and  where  different  compounds 
aie  found  lormed  of  the  same  elements,  this  is  to  so  limit- 
ed an  extent,  and  the  proportions  are  so  different,  and  so 
well  defined,  that  the  difference  of  composition,  and  of 
course  the  peculiarity  of  constitution,  can  be  determined 
with  pet  feet  piecision.  In  the  immense  diversity  of  the 
vegetable  compounds,  on  the  other  hand,  there  may  be 
said  to  exist,  with  a few  exceptions,  only  three  elements, 
caibon,  hydrogen,  and  oxygen  ; the  diversity  of  propor- 
tions, therefore,  giving  rise  to  the  different  specific  com- 
pounds is  so  gieat,  while  the  differences  are  so  minute,  as 
scarcely  to  admit  of  any  precise  determination.  In  inor- 
ganic compounds,  the  few  simple  multiples  in  which  the 
elements  unite  are  easily  observed,  and  the  composition 
can  in  general  be  shewn  by  analysis  to  be  conformable  to 
these.  But  in  vegetable  compounds  it  seems  impossible 
to  tiace  them,  the  number  of  combinations  from  the  same 
elements,  and  the  diversities  of  proportions,  being  so  great, 
as  to  be  incapable  of  being  reduced  under  the  few  mul- 
tiples in  which,  from  the  other  series  of  combinations,  these 
elements  appear  to  combine. 

To  obviate  tins,  it  might  be,  and  indeed  has  been  sup- 
posed, that  these  substances  are  sur-compounds,— that  the 
elements  combine  two  and  two  in  some  of  the  usual  defi- 
nite proportions,  that  these  compounds  again  unite  in 
other  definite  proportions,  and  that  this  kind  of  sur-com- 
position  may  take  place  to  a great  extent.  But  there  is 
nothing  to  sanction  this  hypothesis ; it  is  not  capable  of 
being  applied  with  the  least  degree  of  precision  to  the  con- 
stitution ol  the  vegetable  compounds ; nor  can  it  be  con- 
ceived that  any  possible  combinations  of  water,  carbonic 
oxide  and  acid,  carburetted  and  super-carburetted  hydro- 
gen, with  carbon,  hydrogen,  and  oxygen,  according  to  the 
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few  definite  proportions  that  are  admitted,  should  mini  ail 
the  diversities  ol  vegetable  matter. 

Berzelius,  in  a disquisition  on  this  subject  *,  has  repre- 
sented the  chemical  constitution  of  organic,  compared 
with  that  of  inorganic  compounds,  under  another  point 
of  view.  In  the  latter,  one  of  the  elements  is  to  be  consi- 
dered as  unity,  with  which  the  others  combine  in  their 
first  or  lowest  combining  quantity,  or  in  simple  multiples 

of  this  ; that  is,  according  to  the  atomic  hypothesis,  one 

atom  of  one  body  combines  with  1,  or  with  2,  3,  or  4 oi 
another ; or  according  to  the  hypothesis  of  volumes,  a- 
dopted  by  this  chemist,  one  volume  of  one  body  combines 
with  1,  or  with  2,  3,  or  4 volumes  of  another.  In  orga- 
nic compounds  again,  that  is,  in  vegetable  and  animal  sub- 
stances, when  three  or  more  elements  are  in  combination, 
a certain  number  of  atoms  or  volumes  of  one  of  the  ele- 
ments are  held  to  combine  with  a certain  number  of  atoms 
or  volumes  of  each  of  the  other,  without  its  following  that 
any  of  them  is  necessarily  to  be  considered  as  unity.  And 
in  general,  accordingly,  the  combinations  are  those  of  2 
with  3,  4 or  5 of  another,  3 with  4,  &c.  On  this  assump- 
tion, combinations  in  all  diversity  ol  proportions  may  be 
established.  This  view  has  been  adopted  by  other  chemists. 

It  amounts,  however,  to  an  entire  sacrifice  ot  the  sim- 
plicity and  uniformity  of  the  system  of  chemical  combina- 
tion, and  is  the  relinquishing  indeed  of  its  leading  and 
most  important  principle.  The  views  I have  illustrated 
in  different  parts  of  the  preceding  volumes,  ol  the  relation 
of  the  constitution  of  some  of  the  most  important  inorga- 
nic compounds,  acids,  and  others,  to  the  laws  ol  definite 
proportions,  lead  to  a solution  of  the  difficulty,  without 
departing  from  the  principle,  that  in  all  combinations  one 
of  the  bodies  is  to  be  regarded  as  a base,  with  which,  con- 
sidering it  as  unity,  the  others  are  combined.  It  has  al- 


* Annuls  of  Philosophy,  vol.  iv.  p.  525. 
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l eady  been  stated  briefly,  that  this  is  the  case  in  the  com- 
position of  the  vegetable  acids,  one  of  their  elements,  car- 
bon, being  the  base,  with  which  the  others,  oxygen  and 
hydrogen,  combine  in  definite  proportions  conformable  to 
the  usual  law,— a result  which  will  be  illustrated  more  fully 
under  their  history.  I here  is  every  reason  from  analogy 
to  infer,  that  this  will  also  hold  true  with  regard  to  the 
composition  of  the  other  vegetable  principles,0  other  ele- 
ments perhaps  being  the  base.  It  has  also  been  shewn  in 
the  illustrations  of  the  same  views,  that  there  is  every  rea- 
son to  conclude  that  the  definite  proportions  in  which  the 
piincipal  elementary  bodies  combine,  are  much  more  nu- 
merous than  those  which  form  merely  the  few  specific  bi- 
nary compounds  which  can  be  obtained  insulated.  This 
being  admitted,  the  diversities  of  composition  in  the  vege- 
table (and  likewise  in  the  animal)  products  may  be  ac- 
counted for  without  the  hypothesis  of  Berzelius,  or  with- 
out assuming  any  other  principle  than  that  which  is  applied 
to  the  more  simple  combinations  of  these  elements  in  in- 
organic compounds.  The  whole  series  of  chemical  com- 
binations will  thus  fall  under  the  same  law  : and  the  pro- 
gress of  analysis  in  vegetable  and  animal  chemistry,  aided 
by  the  known  laws  of  proportion,  may  at  length  determine 
the  constitution  of  the  specific  compounds  under  these  de- 
partments, with  the  same  precision  as  that  with  which  the 
combinations  of  inorganic  matter  are  at  present  determined. 

The  Proximate  Principles  of  Vegetables,  that  have  been 
discriminated  with  precision,  are  Gum,  Fecula,  Jelly,  Su- 
gai,  Gluten,  Albumen,  Caoutchouc,  Wax,  Fixed  Oil, 

\ olatile  Oil,  Camphor,  Resin,  Extract,  Tannin,  Indigo, 
Ulmin,  Cinchonin,  Emetin,  Acids,  Ligneous  Fibre.  To 
these  are  added,  some  that  arc  more  equivocal,  as  colour- 
ing matter,  aroma,  the  bitter,  acrid,  and  narcotic  princi- 
ples, and  some  others.  Some  principles,  too,  have  been 
t numerated,  the  peculiarities  of  which  seem  to  arise  from 
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intermixture,  or  from  slight  modifications  of  the  others,— 
sucli  as  Inulin,  Asparcgin,  &c.  These  may  be  noticed 
with  the  principles  of  which  they  appear  to  be  varieties. 

Of  the  preceding  principles  little  uniformity  is  observed 
in  distribution,  in  regard  to  the  different  parts  of  plants. 
The  ligneous  fibre  forms  the  basis  of  the  entire  vegetable ; 
the  others  are  distributed  through  every  part.  Gum,  fo- 
cula,  saccharine  matter,  and  oil  cither  fixed  or  volatile, 
o-enerally  form  the  matter  of  the  seeds ; the  acids  are  usual- 
ly contained  in  the  fruit ; the  extractive  matter  is  generally 
diffused  through  the  vegetable ; tannin  is  found  principally 
in  the  bark ; the  fixed  oils  are  obtained  either  from  the  seeds 
or  fruit,  the  volatile  oils  either  from  these,  or  from  the  wood, 
bark,  or  leaves.  Gum,  saccharine  matter,  and  resin,  often 
compose  the  secreted  juices  which  spontaneously  exude. 

Scarcely  any  common  chemical  properties  can  be  assign- 
ed to  these  principles,  except  the  facility  of  decomposition 
which  belongs  to  them,  and  the  peculiar  nature  of  their 
analysis  from  the  re-action  of  their  elements.  With  regard 
to  other  bodies,  their  relations  are  extremely  different. 
Those  of  them  which  are  acid,  display  this  acidity  in  neu- 
tralizing the  alkalis,  earths,  and  metallic  oxides.  Those 
which  are  oily  and  resinous  combine  with  the  alkalis,  and 
form  soapy  compounds,  in  which  the  alkaline  properties 
are  weakened  to  a certain  extent.  From  the  observations 
of  Thenard  * it  appears,  that  several  vegetable  principles 
have  the  power  of  neutralizing  acids  ; such  are  the  essen- 
tial and  expressed  oils.  Tannin  forms  an  intimate  com- 
bination with  acids ; and  it  is  doubtful  if  it  has  been  obtain- 
ed free  from  acid  matter ; and  it  is  not  improbable,  he  sug- 
gests, that  a number  of  vegetable  products  may  be  conn- 
pounds  of  the  vegetable  acids  with  other  principles. 

* Memoires  (l’Arcucil,  tool,  ii-  p.  5.  2”. 


Sect.  I. — of  gum  or  mucilage. 


i his  principle  of  vegetable  matter  appears  to  be  one  of 
the  first  products  of  the  changes  to  which  the  sap  is  sub- 
jected in  the  process  of  vegetation.  It  is  contained  in  many 
plants;  is  found  principally  in  the  seeds  and  roots,  but 
also  in  the  stalks,  bark,  and  leaves  ; and  is  sometimes  form- 
ed in  such  quantity,  as  to  be  discharged  by  spontaneous 
exudation  from  the  bark.  It  often  exists  in  combination 
with  some  of  the  other  proximate  principles,  particularly 
with  fecula,  sugar,  extractive  matter,  and  resin.  There 
are  seeds  and  roots,  however,  from  which  it  can  be  extract- 
ed nearly  pure,  as  from  the  seeds  of  the  Linum  usitatissi- 
mum,  or  the  roots  of  Althaea  officinalis.  When  discharged 
by  spontaneous  exudation,  it  is  generally  pure ; and  from 
some  of  the  gums  obtained  in  this  manner,  its  characters 
as  a distinct  principle  are  derived. 

This  principle,  when  solid,  forms  Gum ; when  soft  or 
liquid,  Mucilage ; in  pharmacy,  the  latter  term  is  applied 
to  the  watery  solution  of  gum.  Hermbstaedt  introduced 
the  distinction  between  gum  and  mucilage, — that  gum 
forms  with  water  a transparent  glutinous  solution,  while 
mucilage  forms  a solution  opaque  and  slippery  : and  they 
may,  he  adds,  be  separated  from  each  other,  by  adding 
to  their  watery  solution  diluted  sulphuric  acid,  which  co- 
agulates mucilage,  without  affecting  gum  *.  This  mode 
of  separating  mucilage  from  gum,  Dr  Bostock  relates  he 
never  found  to  succeed.  There  are  however  some  diffe- 
rences in  the  chemical  properties  of  substances,  which  have 
been  regarded  as  varieties  of  gum  f,  as  Dr  Bostock  in  his 


* Medical  and  Physical  Journal,  vol.  i.  p.  75.  vol.  iii.  p.  370. 
t Nicholson’s  Journal,  vol.  xviii.  p.  56. 
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investigation  of  this  subject  has  pointed  out.  I lie  gene- 
ral character  of  the  species  may,  therefore,  be  taken  from 
a pure  gum,  as  Gum-Arabic,  and  the  peculiar  properties 
of  other  varieties  may  then  be  noticed. 

Gum  is  in  fragments,  smooth  on  the  surface,  semi-pel- 
lucid, with  frequently  a tinge  of  yellow  or  red  : it  is  in- 
odorous and  insipid  : it  is  neither  fusible  nor  volatile : 
when  heated,  it  softens  and  blackens,  and  is  decomposed : 
it  has  little  inflammability  ; for  although,  when  heated  in 
contact  with  the  air,  its  carbon  or  hydrogen  may  combine 
with  oxygen,  it  scarcely  burns. 

Gum  is  soluble  in  water,  either  cold  or  warm,  in  every 
proportion.  Its  solution  is  viscid,  and,  when  the  propor- 
tion of  gum  is  considerable,  is  of  a thick  consistence,  and  is 
adhesive.  By  evaporation  the  gum  may  be  obtained  in  a 
concrete  form,  and  is  soluble  in  water  as  before.  Gum 
also  absorbs  water,  which  it  retains  in  a solid  state. 

The  solution  of  gum  in  water  becomes  sour  on  being 
kept  for  some  time,  from  the  formation  of  acetic  acid. 
This  change  appears  to  arise  from  the  re-action  of  its  ele- 
ments, and  not  from  the  absorption  of  oxygen.  By  no  ma- 
nagement can  gum  be  made  to  undergo  the  vinous  fermen- 
tation. When  mixed  with  yeast,  and  kept  in  the  proper 
temperature,  it  retains  its  natural  taste,  and  acquires,  after 
a number  of  days,  only  a peculiar  offensive  smell  *. 

Gum  is  insoluble  in  alkohol.  This  re-agent  precipitates 
it  from  its  watery  solution,  and  this  is  the  test  by  which 
gum  is  usually  recognised.  It  is  also  insoluble  in  ether, 
and  in  oils,  either  volatile  or  fixed.  From  its  viscosity, 
mucilage  serves  to  diffuse  oil  through  water,  and  to  retain 
it  in  this  state  of  diffusion,  forming  a milky  mixture ; for 
this  purpose  it  is  employed  in  pharmacy. 

Gum  is  decomposed  by  the  concentrated  acids,  the  de- 
composition varying  as  to  its  products,  according  to  the 


* Cruickshank  in  Rollo  on  Diabetes,  p.  474;. 
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kind  of  acid,  and  its  concentration.  Sulphuric  acid  black- 
ens it,  or  evolves  a quantity  of  its  carbon  : it  causes  also 
part  of  its  oxygen  and  hydrogen  to  combine  to  form  water ; 
and  a portion  of  acetic  acid  is  produced. 

Nitric  acid  exerts  a different  action  upon  it.  No  carbo- 
naceous matter  is  separated  ; but  the  elements  of  the  gum 
receive  oxygen  from  the  acid,  and  portions  of  oxalic  acid, 
malic  acid,  and  saccho-lactic  acid,  or  mucous  acid,  are 
formed.  The  products  however  are  different,  according 
to  the  concentration  or  dilution  of  the  nitric  acid,  and  as 
its  action  is  promoted  or  not  by  heat.  Mr  Cruickshank, 
by  using  a diluted  acid,  obtained  from  gum  only  oxalic 
acid.  From  treating  an  ounce  of  gum  arabic  with  an  equal 
proportion  of  nitric  acid  properly  diluted,  the  quantity  of 
crystals  of  oxalic  acid  formed  amounted  to  3 drachms  36 
grains,  and  of  oxalate  of  lime,  formed  by  part  of  the  acid 
combining  with  lime  in  the  gum,  about  6 grains ; nor  does 
any  saccho-lactic  acid  appear  to  have  been  formed  *.  On 
the  other  hand,  Fourcroy  and  Vauquelin  found  that  the 
quantity  of  saccho-lactic  acid,  produced  by  the  action  of 
nitric  acid  on  gum,  is  considerable,  when  the  nitric  acid 
is  concentrated,  and  its  action  is  promoted  by  heat ; from 
14  to  26  parts  of  saccho-lactic  acid  being  obtained  from 
100  parts  of  gum.  This  saccho-lactic  acid  is  contaminat- 
ed with  an  intermixture  of  oxalate  of  lime,  which  may  be 
abstracted  by  repeated  digestions  in  very  dilute  nitric  acid, 
which  dissolves  it.  It  the  acid  has  not  been  boiled  on  the 
gum,  or  it  it  has  not  been  concentrated  or  employed  in  too 
large  quantity,  malic  acid  is  also  formed  with  the  oxalic 
acid,  and  it  is  converted  into  this  latter  acid,  by  the  con- 
tinued action  of  the  nitric  acid.  From  100  parts  of  gum 
arabic,  these  chemists  obtained  24  of  malic  acidf. 

Oxyrauriatic  acid,  applied  to  gum  by  a current  of  oxy- 

'*  Folio  on  Diabetes,  p.  468. 

i Fourcroy’s  System  of  Chemistry,  vol.  vii.  p.  197.  &c. 
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muriatic  gas  being  transmitted  through  a solution  of  it  in 
water,  converts  it,  according  to  Vauquelin,  almost  entire- 
ly into  citric  acid  *.  Muriatic  acid  exerts  little  action  on 
it : the  gum  may  be  dissolved  in  the  concentrated  acid  ; 
the  liquid  becomes  brown ; a little  carbon  is  separated ; 
the  gum  is  changed  in  its  properties,  but  is  not  converted 
into  any  acid. 

The  alkalis  and  alkaline  earths,  when  dissolved  in  water, 
dissolve  gum  without  producing  on  it  much  change.  Some 
salts  produce  effects  of  some  importance,  as  affording  cha- 
racters by  which  this  principle  may  be  distinguished.  The 
super-acetate  of  lead  has  no  sensible  effect  on  its  solution, 
while  the  neutral  acetate,  or  Goulard’s  Extract,  gives  a 
copious  dense  white  precipitate, — Gummate  of  lead,  as  it  is 
called  by  Berzelius,  which  he  states  to  be  composed  of  gum 
61.75,  oxide  of  lead  38.23.  Nitro-muriate  of  tin  does  not 
precipitate  gum.  Solution  of  red  sulphate  of  iron  converts 
its  solution  into  a transparent  orange-coloured  jelly.  A 
solution  of  silicated  potash  renders  it  opaque,  and  at  length 
a precipitate  is  thrown  down,’  forming  a test  of  some  deli- 
cacy f. 

From  the  decomposition  of  gum  by  heat  we  discover  its 
elements  and  their  proportions.  The  principal  product  is 
an  acid  liquid,  which,  as  being  obtained  from  the  decom- 
position of  mucilage  by  fire,  has  been  named  Pyro-mucous 
acid,  and  which  appears  to  be  acetic  acid,  with  a little  em- 
pyreumatic  oil.  With  this  an  empyreumatic  oil  distils 
over ; carbonic  acid  gas  and  carburetted  hydrogen  gas  are 
produced,  and  there  is  a residuum  of  charcoal.  From  this 
analysis  the  com  position,  was  inferred  by  Fourcroy  and  Vau- 
quelin, to  be  23.08  of  carbon,  1 1.54-  of  hydrogen,  and  65.38 
of  oxygen.  The  proportions  assigned  by  Gay  Lussac  and 
Thenard,  from  the  results  of  the  more  accurate  analysis  by 

* Annales  de  Chimie,  tom.  vi.  p.  178. 

t Bostock,  Nicholson’s  Journal,  vol.  xviii.  p.  28. 
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the  oxymuriate  of  potash,  are  42.23  of  carbon,  50.84  of 
oxygen,  and  6.93  of  hydrogen.  Berzelius  gives  as  the  pro- 
portions, carbon  41.752,  oxygen  51.456,  hydrogen  6.792*. 
And  these  differing  little  from  those  of  Gay  Lussac,  are 
probably  near  approximations  to  accuracy.  Those  given 
by  Saussure  are  considerably  different,  being  carbon  45.84, 
oxygen  48.26,  hydrogen  5.46,  and  nitrogen  0.44  f.  The 
presence  of  nitrogen  in  gum  had  been  before  indicated  by 
Cruickshank.  He  observed,  that  when  the  acid  obtained 
in  its  decomposition  by  heat  is  saturated  with  lime,  a strong 
smell  of  ammonia  is  perceptible : hence  this  alkali  had  been 
formed  in  the  decomposition  of  the  gum,  and  of  course  ni- 
trogen must  enter  into  its  composition.  He  farther  found, 
that  the  residual  charcoal  contained  lime,  combined  with 
phosphoric  acid.  From  one  ounce  of  gum  arabic  decom- 
posed by  heat,  the  residuum  of  charcoal  amounted  to  1 
drachm  46  grains ; when  burnt,  it  left  a whitish  powder, 
amounting  to  about  10  grains,  which  was  lime,  mixed  with 
a small  portion  of  calcareous  phosphate.  Similar  results 
were  obtained  from  the  substance  named  Gum  tracracanth  : 
one  ounce  of  it  yielded  pyro-mucous  acid,  which,  when 
supersaturated  with  lime,  gave  more  ammonia  than  was 
disengaged  from  the  acid  obtained  in  the  decomposition  of 
gum  arabic ; the  charcoal,  when  burnt,  left  a white  resi- 
duum of  12  grains,  which  was  lime,  with  a little  calcareous 
phosphate.  Lime  was  also  discovered  by  re-agents  in  the 
solution  of  gum  arabic  in  water  : when  a small  quantity  of 
sulphuric  acid  was  added  to  it,  needle-like  crystals  were 
slowly  deposited  ; and  when  these  were  re-dissolved  in  dis- 
tilled water,  and  oxalate  of  ammonia  added,  a copious  pre- 
cipitate of  oxalate  of  lime  took  place  f. 

Vauquelin  found  not  only  carbonate  of  lime,  with  a little 


* Annals  of  Philosophy,  vol.  v.  p.  271. 
t Ibid.  vol.  vii.  p.  46. 
t Polio  on  Diabetes,  p.  462.  465. 
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phosphate  of  lime,  in  the  ashes  left  after  the  combustion  of 
gum,  but  likewise  a small  quantity  of  oxide  of  iron.  The 
lime  he  supposes  to  exist  in  it,  combined  with  an  acid ; as 
the  solutions  of  gum,  instead  of  giving  indications  of  pure 
lime,  indicate  acidity;  and  gum,  rubbed  on  paper  mois- 
tened with  a blue  vegetable  juice,  rendered  it  red.  The 
only  soluble  compounds  of  lime  with  a vegetable  acid  arc 
those  with  the  malic  and  the  acetic.  The  former  is  only 
soluble  with  an  excess  of  acid  ; it  is  probable,  • therefore, 
that  it  is  with  the  acetic  acid  that  it  is  combined, — a pro- 
bability confirmed  by  the  consideration,  that  acetic  acid 
exists  in  the  sap  of  vegetables  of  which  gum  appears  to  be 
one  of  the  first  products  *.  Berzelius  considers  the  pre- 
sence of  both  the  nitrogen  and  lime  as  adventitious.  The 
lime,  however,  appears  to  be  essential,  and  to  constitute 
an  important  difference  between  gum  and  other  two  prin- 
ciples with  which  it  has  some  relations,  fecula  and  sugar : 
they  are  capable  of  being  made  to  pass  into  the  vinous  fer- 
mentation, which  gum  is  not ; and  this  difference  appears 
to  be  owing  principally  to  the  presence  of  the  lime,  Cruick- 
shank  having  found,  that  when  lime  is  added  to  a solution 
of  sugar,  the  latter  is  rendered  incapable  of  the  fermenta- 
tive process  f. 

Gum  is  usually  obtained  by  spontaneous  exudation,  or 
from  incisions  in  the  trunk  and  branches  of  trees.  Its 
existence  in  vegetables  is  detected,  by  boiling  the  vege- 
table substance  with  water  ; the  water  dissolves  the  gum  ; 
and  if  much  of  it  is  present,  the  decoction  is  glutinous : 
'when  evaporated  to  the  consistence  of  thin  syrup,  the  ad- 
dition of  three  parts  of  alkohol  will  precipitate  the  gum. 

1 he  effects  from  the  other  tests  already  mentioned,  also 
distinguish  it. 

Oi  the  different  gums,  those  obtained  by  spontaneous 


* Nicholson’s  Journal,  vol.  xii.  p.  2b6. 
t Kollo  on  Diabetes,  p.  471. 
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exudation  are  the  purest.  Gum  Arabic  is  the  produce  of 
the  Mimosa  nilotica,  or,  as  the  plant  has  been  more  lately 
named,  Acacia  vera,  a native  of  Egypt  and  Arabia.  It  is 
white  or  yellowish,  semi-transparent  and  brittle,  insipid, 
and  free  of  odour.  It  is  soluble  in  water,  forming  a viscid 
solution.  Gums  exude  from  the  cherry,  plum,  and  other 
trees  of  this  country,  similar  to  gum  arabic,  but  less  pure, 
and  more  coloured.  Dr  Bostock  has  found,  that  the  ef- 
fects of  re-agents  on  the  cherry-tree  gum  are  somewhat 
different.  Acetate  of  lead  does  not  throw  down  a precipi- 
tate from  its  mucilage,  as  it  does  from  the  other ; there  is 
only  a slight  tendency  to  coagulation,  and  the  gum  is  se- 
parated from  its  solvent,  in  fine  filaments.  Nitro-muriate 
of  tin  converts  it  into  a solid  jelly  ; the  solution  of  red  sul- 
phate of  iron  causes  no  precipitation  nor  coagulation  in  its 
solution  ; neither  does  alkohol  precipitate  it : a number  of 
filaments  are  formed,  but  the  greater  part  of  the  mucilage 
appears  to  incorporate  with  the  alkohol.  Dr  John  has 
given  the  name  of  Cerasin  to  a principle  existing  along 
with  pure  gum  in  the  cherry-tree  gum,  the  plum  gum,  and 
some  others.  It  remains  in  the  state  of  a soft  glutinous 
mass,  when  they  are  treated  with  water  ; it  is  also  insoluble 
in  alkohol,  but  is  dissolved  in  water  acidulated  with  sul- 
phuric acid,  at  a boiling  temperature. 

Tragacanth  is  the  produce,  by  exudation,  of  the  Astra- 
galus tragacantha,  or  Astragalus  verus.  Though  it  is  si- 
milar to  gum,  there  are  some  properties  in  which  it  differs; 
and  Hermbstaedt,  from  these  differences,  considered  it  as 
a variety  of  what  he  named  Mucilage.  It  is  not  so  easily 
soluble  in  water  as  gum.  In  cold  water,  it  softens  and 
swells  without  being  dissolved.  When  boiled  in  water,  it 
communicates  to  the  liquor  a great  degree  of  viscidity  ; a 
very  small  quantity  giving  even  the  consistence  of  a jelly  $ 
but  the  solution  remains  turbid,  with  a number  of  fila- 
ments diffused  through  it.  The  effects  of  re-agents  upon 
it  are,  according  to  Dr  Bostock’s  experiments,  different 
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from  those  on  gum  arabic.  Nitro- muriate  of  tin  forms 
with  its  mucilage  a firm  coagulum ; the  solution  of  red 
sulphate  of  iron  neither  coagulates  nor  precipitates  it ; and 
it  is  not  precipitated  by  silicated  potash.  According  to 
Bucholz,  it  is  a compound  of  jelly  and  gum. 

The  mucilages  extracted  by  infusion  from  a number  of 
seeds  or  roots,  such  as  the  linseed,  quince  seed,  althaea-root, 
&c.  have  the  general  qualities  of  solution  of  gum,  being 
thick  and  viscid,  insipid,  inodorous,  and  indefinitely  soluble 
in  water.  Yet  they  exhibit  some  differences  in  the  effects 
of  re-agents.  Mucilage  of  linseed  is  not  precipitated  by 
silicated  potash,  nor  is  it  affected  by  red  sulphate  of  iron, 
while  super-acetate  of  lead  and  nitro-muriate  of  tin  occa- 
sion in  it  considerable  opacity.  Alkohol  precipitates  slow- 
ly its  solid  matter  in  a fibrous  form,  without  rendering  the 
fluid  opaque.  The  other  mucilages  appear  not  to  differ 
much  from  this. 

The  differences  which  thus  exist  in  different  varieties  of 
gum,  do  not  appear  to  be  very  essential ; it  can  scarcely 
be  affirmed  that  they  are  constant,  for  the  results  are  dif- 
ferent in  the  experiments  of  different  chemists ; they  pro- 
bably frequently  arise  from  intermixture ; and  even  when 
they  do  not  depend  on  this,  they  may  arise  from  slight  va- 
riations of  composition,  which  cannot  be  regarded  as  suf- 
ficient to  change  the  essential  characters  of  the  species. 
Cruickshank  accordingly  found,  that  gum  arabic  and  tra- 
gacanth,  which  may  be  placed  at  the  extremities  of  the  se- 
ries, as  deviating  most  in  their  properties,  are  of  the  same 
composition  ; they  afford,  when  decomposed,  not  only  the 
products  composed  of  carbon,  hydrogen,  and  oxygen,  but 
also  the  nitrogen  and  lime  which  are  more  peculiar  to  the 
constitution  of  gum. 

1' rom  somc  of  the  vegetables  of  this  country,  gum  or 
mucilage  may  be  extracted  in  such  quantity,  that  they  af- 
fotd  a source  whence  an  abundant  supply  may  be  derived 
lot  its  consumption  in  some  of  the  arts,  particularly  in  ca- 
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lieo-printing,  in  which  it  is  largely  used.  Mr  Willis  ob- 
served, that  the  root  of  the  plant  called  blue-bell  or  hare- 
bell (Hyacinthus  non-scriptus)  is  extremely  mucilaginous. 
A pound  of  the  bulbs  of  this  root,  when  dried,  yielded  a- 
bout  four  ounces  of  a powder,  which,  by  maceration  in  wa- 
ter, gives  a strong  mucilage,  and,  when  employed  for  thick- 
ening the  mordant  and  fixing  die  colours  in  calico-print- 
ing, was  found  to  answer  equally  with  gum  arabic  when 
used  in  the  same  proportion  *.  He  afterwards  discovered 
other  vegetables,  the  roots  of  which  afford  a mucilage  e- 
qually  strong,  particularly  the  vernal  squill,  (Scilla  verna), 
and  the  white  lily,  (Lilium  candidum),  which  might  be  used 
as  substitutes  for  gum  arabic  f.  Some  experiments  on  the 
mucilage  of  the  Hyacinthus  non-scriptus,  and  on  its  ap- 
plication to  useful  purposes,  have  been  likewise  made  by 
Leroux.  He  has  given  different  methods  of  preparing  it : 
that  which  answers  best,  is  to  macerate  the  bulbs  of  the 
root  in  a sufficient  quantity  of  water  to  form  a thick  muci- 
lage, which  is  expressed,  and  dried  by  exposure  to  the  air. 
This  mucilaginous  matter  appears,  from  his  experiments, 
to  have  all  the  properties  of  gum  Dr  Bostock  has  re- 
marked, that  it  contains  a quantity  of  starch. 

A discovery  of  still  more  importance  is  that  of  a method 
of  extracting  a mucilage,  which  may  be  employed  as  a sub- 
stitute for  gum,  from  the  lichens  which  grow  on  the  bark 
of  our  common  trees  and  shrubs.  The  method  was  made 
public  by  Lord  Dundonald  ||.  <c  The  lichen  does  not  con- 
sist entirely  of  a gummy  matter.  There  is  the  outer  skin 
Or  cuticle ; below  that  a green  resinous  matter ; the  re- 
mainder of  the  plant  consists  of  gum,  a matter  somewhat 
analogous  to  animal  substances,  and  a small  proportion  of 


* Nicholson’s  Journal,  8vo,  vol.  vii.  p.  50. 
t Ibid.  vol.  ix.  p.  254. 
f Armales  ile  Chimie,  tom.  xl.  p.  145. 

||  Philosophical  Magazine,  vol.  x.  p.  295. 
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fibrous  matter,  which  cannot  be  dissolved  by  boiling,  or  the 
action  of  alkaline  salts.  The  first  process  in  preparing  gum 
from  it,  is  to  remove  the  outer  skin  and  the  resinous  mat- 
ter. This  is  done  by  scalding  the  lichen  two  or  three  times 
with  boiling  water,  allowing  it  to  remain  so  long  in  the 
water  as,  by  absorbing  it,  to  swell : the  skin  cracks,  and 
comes  off  with  the  greatest  part  of  the  resinous  matter. 
Or  it  may  be  freed  from  them  by  gently  boiling  the  lichen 
for  fifteen  or  twenty  minutes,  then  washing  it  in  cold  wa- 
ter, laying  it  afterwards  upon  a stone  or  brick  floor,  where 
it  should  lie  for  ten  or  twelve  hours  ; the  exposure  for  that 
time  to  air  greatly  facilitating  the  subsequent  extraction  of 
the  gum.  The  scalded  lichen  is  then  to  be  put  into  a cop- 
per boiler  with  two  wine  gallons  of  water  to  every  pound 
of  lichen,  and  boiled  during  four  or  five  hours,  adding  a- 
bout  half  an  ounce  or  three  quarters  of  an  ounce  of  soda  or 
pearl-ashes  for  every  pound  of  lichen  ; or,  instead  of  these 
salts,  about  half  an  English  pint  of  volatile  alkali.  The 
boiling  should  be  continued  until  the  liquor  acquires  a 
gummy  consistence.  It  is  then  to  be  taken  out,  and  allow- 
ed to  drain  through  a wire  or  hair  cloth.  The  residuum 
is  to  be  put  into  a hair-cloth  bag,  and  to  be  squeezed  in  a 
press.  The  first  boiling  does  not  extract  the  whole  gum. 
The  lichen  should  be  boiled  a second  and  even  a third  time, 
diminishing  at  each  process  the  quantity  of  water  and  the 
quantity  of  alkali,  which  a little  experience  will  soon  point 
out.  When  three  boilings  are  employed,  the  gummy  ex- 
tract of  the  last  should  be  kept  for  the  first  boiling  of  the 
next  lichen.  The  extract  from  the  first  and  second  boil- 
ings should  be  mixed  together,  and  evaporated  to  the  con- 
sistence necessary  for  block  or  press  printing.” 

“ When  this  mucilage  is  to  be  employed  for  making 
ink,  manufacturing  and  staining  paper,  or  for  stiffening 
silks,  crapes,  and  gauzes,  it  should  be  extracted  from  the 
lichen  without  employing  any  alkaline  salts,  continuing  the 
boiling  or  digestion  longer,  and  with  a moderate  degree  of 
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heat,  in  which  case  the  gummy  extract  will  be  nearly  co- 
lourless. "W  hen  volatile  alkali  is  used,  the  boiler  should 
be  of  iron,  as  volatile  alkali  acts  on  copper.”  From  a cal- 
culation which  Lord  Dundonald  adds,  it  appears  that  the 
mucilage  thus  obtained  may  be  used  with  much  advantage 
as  a substitute  for  gum  ; and  it  has  been  employed  by  the 
calico-printers  of  this  country,  in  some  of  their  processes. 
There  is  some  reason  to  believe,  that  the  substance  thus 
extracted  from  lichen  approaches  nearer  to  the  nature  of 
fecula  than  of  gum.  It  is  highly  nutritious;  and  Proust, 
in  a memoir  on  its  use  as  food,  has  remarked,  that  it  is  not 
soluble  in  cold  water  *. 

Gum  is  not  an  active  substance  in  its  effects  on  the  living 
system.  In  medicine,  it  is  used  for  its  lubricating  quality,; 
and  so  little  activity  does  it  exert,  that  it  has  been  taken 
as  an  article  of  food.  Though  thus  inactive,  the  virtues 
of  many  vegetables  depend  on  a gummy  matter. 

From  its  chemical  properties,  gum  is  of  rather  more  im- 
portance. As  a component  part  of  vegetable  matter,  it 
renders  the  other  parts  more  soluble  in  watery  liquors.  In 
pharmacy,  it  is  used  as  a medium  to  suspend  oils,  balsams, 
and  resins,  in  water.  In  the  arts,  the  different  gums  are 
applied  to  various  purposes,  from  their  adhesive  quality, 
and  to  diffuse  powders  in  watery  fluids : they  are  thus  used 
in  dyeing,  ink-making,  calico-printing,  &c. 


Sect.  II. — of  fecula,  or  starch. 

The  term  Fecula,  or  Starch,  is  appropriated  to  a proxi- 
mate principle  of  vegetables,  similar  in  many  of  its  pro- 
pci ties  to  gum.  It  is  a dry,  white,  insipid  powder,  which 


* Nicholson’s  Journal,  vol.  xvi.  p.  210, 
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forms  the  principal  part  of  the  nutritive  grains  and  roots. 
It  is  extracted  by  beating  them  in  water,  or  by  working 
the  powder  of  them,  made  into  a paste  with  water,  in  the 
hand:  the  soluble  parts  are  dissolved ; the  fibrous  and  glu- 
tinous parts  remain  ; and  there  is  diffused  through  the  wa- 
ter a fine  powder,  which  gradually  subsides,  and  may  be 
dried.  This  is  termed  the  Fecula  of  the  plant. 

If  wheat  flour,  for  example,  be  made  into  a paste  with 
water,  inclosed  in  a bag,  and  pressed,  while  a stream  of 
water  is  poured  upon  it,  the  greater  part  is  carried  off  in 
the  form  of  a white  powder,  which  forms  the  substance 
named  Starch.  This  is  a pure  fecula.  A similar  product 
may  be  obtained  from  rye,  and,  in  general,  all  those  grains 
which  are  used  as  food.  It  can  also  be  obtained  from  the 
potatoe,  and  from  other  roots  and  stems  of  plants.  Some- 
times it  is  extracted  from  the  most  poisonous  or  acrid  plants, 
the  poisonous  or  acrid  matter  being  soluble  in  the  water, 
and  being  thus  abstracted  from  the  fecula. 

The  principal  of  these  is  the  starch  of  wheat ; it  is  pre- 
pared in  the  following  manner  : 1 he  grain,  well  cleansed, 
is  kept  in  cold  water  until  it  soften  and  swell,  so  that  the 
husk  separates  ; by  pressure,  it  then  gives  out  a milky  fluid. 
The  grains  are  put  into  a hempen  bag,  and  pressed  or  beat, 
cold  water  being  poured  on  them  in  sufficient  quantity. 
The  fecula  is  thus  diffused  through  the  water.  As  the  wa- 
ter receives  from  the  grain  at  the  same  time  a quantity  of 
saccharine  matter,  it  soon  runs,  in  the  temperature  at  which 
it  is  kept,  into  the  acetous  fermentation  ; and  the  weak  acid 
thus  formed,  by  digesting  on  the  fecula,  renders  it  whiter 
than  it  otherwise  would  be,  apparently  by  dissolving  part 
of  the  gluten  of  the  wheat.  After  it  has  subsided,  the  clear 
liquor  is  run  off’;  the  precipitate  is  washed  with  water ; the 
water  is  drained  off,  and  the  starch  is  dried  in  a stove  *. 


* The  process,  as  it  is  conducted  in  this  country,  is  particular- 
ly described  in  Aikin’s  Chemical  Dictionary,  article  Starch  ; apd 
in  the  2flth  volume  of  the  Philosophical  Magazine. 
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When,  by  any  process  of  this  kind,  a fecula  is  obtained 
puie,  it  forms  a light  white  powder,  very  soft  to  the  touch, 
•ind  when  surveyed  in  a strong  light,  appearing  in  minute 
biilliant  grains:  it  is  insipid,  and  inodorous.  Sometimes 
it  retains  a portion  of  the  other  principles  of  the  plant, 
from  which  it  receives  colour,  smell,  or  taste. 

The  property  by  which  this  principle  is  distinguished,  is 
its  complete  insolubility  in  cold  water,  while  with  hot  wa- 
ter it  forms  a gelatinous  solution.  Its  insolubility  in  cold 
water  is  shown  in  the  mode  in  which  it  is  prepared,  as,  al- 
though it  is  suspended  in  a state  of  very  minute  division, 
no  portion  is  dissolved.  It  dissolves  in  hot  water  at  a tem- 
perature of  160  or  180,  and  the  solution  is  more  or  less 
gelatinous,  according  to  the  proportion  of  water.  This 
jehy  may  be  dried  into  a stiff  hard  mass,  which  is  still  in- 
soluble in  cold,  soluble  in  hot  water.  This  insolubility  in 
cold  water,  while  it  is  soluble  in  warm  water,  distinguishes 
fecula  from  gum,  and  characterizes  it  as  a peculiar  prin- 
ciple. Lagrange  found,  that  by  gentle  roasting  fecula  be- 
comes soluble  in  cold  water,  and  is  thus  so  far  assimilated 
to  mucilage  or  gum.  Dobereiner  has  observed,  that  if 
starch  is  only  roasted  slightly,  so  as  to  be  of  a grey  colour, 
u is  dissolved,  though  not  entirely,  by  successive  portions 
of  cold  water ; the  solution  is  yellow,  and  insipid  ; by  eva- 
poration it  forms  a yellowish  pellucid  mass,  which  dissolves 
in  cold  water,  and  forms  a viscuous  liquor,  which  is  ren- 
C erw!  mi%  b)r  alkohol.  If  the  starch  is  more  thoroughly 
roasted,  so  as  to  become  brown,  it  becomes  entirely  soluble 

m cold  water,  and  forms  a solution  less  viscuous,  but  in 
other  respects  the  same  #. 

Fecula  is  entirely  insoluble  in  alkohol,  or  in  ether. 

1 he  acids,  when  much  diluted  with  water,  dissolve  fe- 
cula, especially  if  the  temperature  be  raised,  and  form  a 
gelatinous  solution.  If  concentrated,  they  decompose  it. 
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Sulphuric  acid  blackens  it,  by  evolving  a portion  of  char- 
coal, and  water  and  acetic  acid  are  formed.  In  a certain 
degree  of  dilution,  and  by  particular  management,  it  con- 
verts it  into  a product  analogous  to  sugar,  as  is  to  be  stated 
under  the  history  of  that  principle.  Nitric  acid  dissolves 
it,  and  affording  oxygen,  converts  it  into  malic  and  oxalic, 
acids.  This  action  takes  place  most  completely  when  the 
nitric  acid  is  a little  diluted,  and  a moderate  heat  is  ap- 
plied. Muriatic  acid  dissolves  it,  producing  a decompo- 
sition somewhat  analogous  to  that  by  diluted  sulphui  ic  acid. 

The  alkalis,  when  in  solution  in  water,  dissolve  fecula,  or 
reduce  it  to  the  consistence  of  a jelly,  without  the  assistance 
of  heat.  The  acids  separate  it  from  this  combination.  Dr 
Bostock  found,  that  the  solution  of  starch  is  precipitated 
copiously  by  acetate  of  lead,  the  combination  of  the  starch 
and  oxide  of  lead  being  so  complete,  that  the  water  ol  the 
solution  remains  limpid.  Berzelius  has  stated  the  compo- 
sition of  this  amylate  of  lead,  as  he  calls  it,  at  <2  ol  staich, 
and  2S  of  oxide  of  lead.  Nitro-muriate  of  tin  throws  down 
an  abundant  precipitate  from  solution  ol  fecula.  Silicated 
potash  causes  no  obvious  change.  Alkohol  throws  down 
a precipitate  similar  to  that  from  solution  ol  gum. 

Iodine  forms  a peculiar  combination  with  starch.  W hen 
they  arc  rubbed  together  dry,  a blue  colour  is  acquired. 
When  dissolved  in  water,  with  a very  slight  addition  ol 
sulphuric  acid,  it  has  the  same  colour,  and  this  so  deep  as 
to  form  the  most  delic.ite  test  of  iodine.  With  an  excess 
of  starch  the  colour  is  reddish,  or  nearly  white,  but  the  ad- 
dition of  sulphuric  acid  produces  the  blue  tint. 

Fecula  is  converted  into  saccharine  matter  by  the  pro- 
cess of  germination,  the  theory  of  which  has  been  already 
considered,  (page  35.).  The  product,  however,  is  not  al- 
together pure  sugar,  but  differs  in  some  of  its  properties. 
Dobereiner  found,  that,  when  extracted  by  infusion  in  wa- 
ter, it  cannot  be  rendered  concrete,  but  forms  by  evapora- 
tion a viscid  mass ; it  is  also  less  sweet ; it  is  not  soluble  in 
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highly  rectified  alkohol,  but  is  even  precipitated  by  it  from 
its  concentrated  watery  solution  ; it  is  dissolved  by  diluted 
alkohol,  and  by  this  means  may  be  separated  from  the 
starch,  mucilage,  and  gluten  of  the  grain.  This  conver- 
smn  oi  fecula  into  a saccharine  product,  is  effected  in  the 
process  of  malting  on  the  nutritive  grains,  as  preliminary 
to  vinous  fermentation.  The  fecula  when  mixed  with  yeast, 
and  infused  in  hot  water,  is  directly  susceptible  of  the  same 
process,  so  that  the  liquor,  by  distillation,  can  be  made  to 
afford  ardent  spirit.  If  previously  roasted,  it  does  not 
suffer,  according  to  Dobereiner,  either  of  these  changes,  a 

farther  proof  of  its  approximation  in  that  state  to  the  na- 
ture of  gum. 

Fecula  exposed  to  heat,  blackens,  swells,  and  forms  a 
spongy  charcoal.  If  strongly  heated,  with  the  admission 
ot  the  air,  it  burns : in  close  vessels,  it  affords  a laroe 
quantity  61  pyro-mucous  acid,  with  a little  empyreumatic 
oil ; carbonic  acid  and  carburetted  hydrogen  gases  are  ex- 
i icated,  and  a portion  of  charcoal  remains.  From  these 
products  its  elements  are  evidently  carbon,  hydrogen,  and 
oxygen.  Some  traces  of  phosphate  of  lime  are  to  be  found 
in  its  ashes;  but  this  may  arise  from  the  gluten  often  as- 
sociated with  fecula,  a small  portion  of  which  may  adhere 
to  it  The  proportions  of  its  constituent  principles,  as 
ound  by  Gay  Lussac  and  Thenard,  are  43.55  of  carbon, 
49.68  of  oxygen,  and  6.77  of  hydrogen.  Berzelius  has 
V the  composition  of  potatoe  starch  at  43.48  carbon, 
49.46  oxygen,  and  7.06  hydrogen : and  Saussure  that  of 
vheat  starch  at  45.39  carbon,  48.26  oxygen,  and  5.90  hy- 
drogen. 

I' mi  la  exists  in  large  quantity  in  all  the  nutritive  seeds 
and  roots,  generally  mixed  with  other  principles.  It  does 
not  appear  to  be  completely  formed  but  in  certain  stages 
o vegetation.  Tlius,  in  the  nutritive  grains,  it  is  perfect 

ony  wlien  they  have  attained  maturity:  previous  to  that 
P ><xl,  it  ,s  in  a state  approaching  to  mucilage  mixed  w ith 
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saccharine  matter.  It  is  probably  formed  from  mucilage 
in  the  progress  of  vegetation  ; and  Leroux,  in  his  experi- 
ments on  the  mucilage  of  some  of  the  tuberose  roots,  ob- 
served, that,  in  the  drying  of  the  mucilage,  a portion  ot  it 
appeared  to  be  converted  into  fecula  *. 

This  principle  is  sometimes  employed  in  its  pure  state 
medicinally,  from  its  nutritious  quality,  and  from  being  easy 
of  digestion.  Sago  and  salop  are  feculas  of  this  kind.  1 he 
former  is  the  produce  ot  the  Cycas  circinalis,  and  is  exti  act- 
ed from  the  pith  of  the  stem  and  branches,  by  maceration 
in  water : it  is  washed,  and  passed  through  a perforated  cop- 
per plate,  to  reduce  it  to  grains,  which  are  dried.  Salop 
is  the  produce  of  the  Orchis  mascula.  Arrow-root  powder 
is  the  produce  of  the  Maranta  arundinacea.  Cassava  is  pre- 
pared from  the  tuberose  root  of  the  manioc,  (Jatropha  ma- 
nihot) : with  the  fecula  ot  this  root,  there  is  associated  an 
acrid  and  poisonous  juice,  which  is  separated  by  washing, 
in  the  process  by  which  it  is  extracted.  I he  loots  ot  the 
Bryonia  alba  and  the  Arum  maculatum  are  likewise  com- 
posed principally  of  fecula,  with  acrid  matter,  which  is  se- 
parated in  the  process  by  which  the  fecula  is  extracted  ti  oni 
them.  These  were  formerly  prepared  for  medicinal  use. 
Wheat  affords  perhaps  a larger  quantity  of  fecula  than  any 
other  vegetable  substance,  and  in  a state  of  pci  feet  puiitj. 
A very  pure  fecula,  in  large  quantity,  is  also  extracted  li  oni 
the  potatoe,  the  root  being  peeled,  wrell  cleaned  and  rasped, 
the  pulp  being  placed  on  a hair-sieve,  and  water  poured  on 
it  until  the  fecula  is  extracted.  When  dried  it  amounts, 
according  to  Dr  Pearson’s  experiments,  to  irom  15  to  1 » 
parts  in  100  of  the  root;  with  this  are  8 or  9 of  fibrous 
matter,  and  5 or  6 of  mucilage  f,  the  remainder  is  water. 
Mr  Skrimshire  obtained  similar  results  : Lampadius  lrom 
100  parts  obtained,  in  different  varieties  of  the  potatoe, 


'*  Annales  <le  Chimie,  tom.  xl.  p.  loti. 
> Repertory  of  Arts,  vol.  iii.  p.  5S9. 
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from  12  to  18  of  starch,  from  5 to  8 of  fibrous  matter,  1 
of  albumen,  and  1 of  extractive  matter,  with  from  70  to  7 5 
ol  water  *.  Potatoe  starch  has  been  used  as  a substitute, 
in  stiffening  linen,  and  similar  purposes,  for  the  starch  of 
wheat.  Lastly,  some  of  the  lichens  contain  a large  quan- 
tity of  fecula ; and  the  Lichen  islandicus,  which  has  been 
celebrated  for  its  mild  nutritive  quality,  consists  entirely  of 
it,  so  as  to  afford  a fecula  nearly  pure,  when  reduced  to 
powder.  Proust  has  given  some  observations  on  the  me- 
thod of  preparing  it  for  food  f . 

Fecula  is,  of  any  variety  of  vegetable  matter,  best  adapt- 
ed to  the  nourishment  of  animals ; and  it  forms  the  prin- 
cipal part  of  all  the  seeds  and  roots  which  are  used  as  food 
by  man.  Its  nutritious  power  is  well  shown,  by  the  fact, 
that  some  of  the  most  nutritive  of  these,  as  rice,  or  the  po- 
tatoe root,  contain  no  other  principle  that  can  contribute 
to  this,  but  fecula.  Thus,  the  root  of  the  potatoe,  accord- 
ing to  Dr  Pearson’s  analysis  of  it,  contains,  besides  fecula, 
only  a small  portion  of  mucilage  and  fibrous  matter  ; yet, 
as  he  remarks,  “ there  is  sufficient  evidence,  that  the  pota- 
toe root  and  water,  with  common  salt  or  other  seasonino-, 

b7 

can  nourish  as  well  as  any  other  vegetable  matter  and  water, 
with  seasoning.”  Some  observations  on  the  nourishing- 
quality  of  fecula,  and  on  the  forms  under  w hich  it  may  be 
employed,  have  been  made  by  Mr  Skrimshiref. 

Fecula,  besides  its  use,  either  pure,  or  under  the  form 
ol  the  nutritive  grains  as  an  article  of  diet,  is  used  in  the 
state  of  its  gelatinous  solution,  for  pasting,  and  stiffening 
linen  or  other  kinds  of  cloth.  It  also  enters  into  the  com- 
position of  some  pigments. 


* Annals  of  Philosophy,  vol.  v.  p.  ,7.9. 
t Nicholson’s  Journal,  vol.  xvi.  p.  210. 
t Ibid.  vol.  xxi.  p.  182. 
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Rose  pointed  out  a principle  analogous  to  fecula,  which 
is  extracted  from  the  root  of  elecampane,  (Inula  helenium). 
This  has  been  named  Inulin.  It  is  deposited  from  the  de- 
coction of  the  root,  after  it  has  stood  for  some  hours.  It 
is  insoluble  in  cold  water,  but  is  soluble  in  boiling  water : 
the  solution,  though  liquid  while  hot,  becomes  gelatinous 
as  it  cools  ; and  in  the  course  of  some  hours,  the  water  de- 
posites  the  greater  part  of  the  substance  dissolved,  in  the 
form  of  a compact  white  powder.  Alkohol  precipitates  it 
from  its  solution  in  water.  1 his  white  matter,  thrown  on 
burning  fuel,  melts  like  sugar,  and  evaporates,  diffusing 
a white  pungent  smoke,  and  leaving  a small  coally  resi- 
duum. At  a red  heat,  it  burns  with  a white  flame.  By 
distillation,  it  gives  an  empyreumatic  acid,  without  any 
empyreumatic  oil.  Nitric  acid  converts  it  into  malic  and 
oxalic  acids,  and,  when  in  excess,  into  acetic  acid.  From 
these  properties,  Rose  inferred,  that  this  substance  is  nei- 
ther mim  nor  fecula,  but  intermediate  between  them  ; and 
he  considers  it  as  probable,  that  several  products,  which 
have  been  regarded  as  varieties  ol  fecula,  are  of  the  nature 
of  this  powder  *.  Some  additional  tacts  with  regard  to  it, 
leading  to  the  same  conclusion,  have  been  stated  by  Gual- 
ticr  de  Claubry.  He  finds  that  hot  water  dissolves  four  or 
five  times  its  weight  of  it,  but  without  forming  a gelatinous 
solution  ; the  liquor  when  concentrated  is  merely  viscuous  : 
the  inulin  deposited  bv  cooling  contains  so  much  water, 
that  it  may  be  liquified  by  raising  the  temperature.  Pot- 
ash dissolves  it,  but  docs  not  render  it  gelatinous : con- 
centrated sulphuric  acid  precipitates  it  from  this  solution. 
Sulphuric  acid  dissolves  it,  rendering  it  brown ; the  inulin 
is  precipitated  by  ammonia;  nitric  acid  dissolves  it,  and 


* Nicholson’s  Journal,  vol.  xii.  p.  !)7. 
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when  heated  decomposes  it  ; muriatic  acid  docs  not  dis- 
solve it,  as  it  does  starch.  Barytes  precipitates  inulin  from 
its  watery  solution,  by  combining  with  it ; strontites  and 
lime  do  not : silicated  potash  and  metallic  solutions  do  not 
affect  it : infusion  of  galls  precipitates  it.  It  does  not  form 
with  iodine  the  fine  blue  colour  which  starch  does,  but  a 
compound  of  a greenish  yellow  colour*. 


Sect.  III. — of  jelly. 

i 

Tfie  juices  of  certain  fruits,  as  the  currant,  when  ex- 
pressed, if  not  too  watery,  concrete  into  a kind  of  tremu- 
lous jelly.  There  is  none  of  the  known  principles  of  vege- 
tables to  which  this  property  can  well  be  assigned  : for  fc- 
cula,  though  it  gives  a gelatinous  consistence  to  hot  water, 
is  not  soluble  in  cold  water,  and  does  not  naturally  exist  in 
solution ; it  is  therefore  necessary  to  consider  it  as  distinc- 
tive of  a peculiar  principle,  to  which  the  name  of  Jelly  may 
be  given.  There  is  an  animal  matter  which  has  received 
the  name  of  gelatin,  which  has  the  property  of  forming, 
with  water,  a tremulous  jelly ; but,  except  in  this  particu- 
lar, vegetable  jelly  has  no  similarity  to  it,  nor  does  it  even 
approach  to  animal  matter  in  its  chemical  characters  or 
composition : it  is  not  liable  to  putrefaction,  but  suffers  that 
slow  decomposition  which  vegetable  matter  in  a humid  state 
usually  undergoes.  Scarcely  any  observations  have  been 
made  on  this  principle,  except  what  has  been  incidentally 
stated  by  Vauquelin  in  his  analysis  of  vegetable  substances, 
particularly  in  a memoir  on  the  analysis  of  the  fruit  of  the 


* Philosophical  Magazine,  vol.  46.  p.  29o. 
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Tamarind  and  in  another  on  the  analysis  of  the  pulp  of 
the  Cassia  fistula  f,  in  both  of  which  it  is  contained. 

It  is  soluble  only  in  small  quantity  in  cold  water,  even 
with  agitation  ; but  boiling  water  dissolves  it  abundantly, 
and  the  solution  forms  a jelly  when  it  cools.  It  is  neces- 
sary, to  obtain  the  gelatinous  consistence,  that  there  should 
be  a certain  proportion  between  the  gelatinous  matter  and 
the  water ; and  if  boiled  long  with  water,  it  loses  the  pro- 
perty of  forming  a jelly.  Hence  the  reason,  as  Vauquelin 
has  remarked,  that  in  the  preparation  of  the  vegetable  jel- 
lies, which  are  formed  by  boiling  the  juices  of  certain  fruits 
with  sugar,  it  often  happens,  that  if  the  proportion  of  su- 
gar is  not  sufficiently  large  to  absorb  the  water  of  the  juice, 
or  form  with  it  a syrup,  and  if,  in  consequence,  it  is  neces- 
sary to  boil  the  liquor  to  dissipate  part  of  the  water,  it  does 
not  concrete  into  a jelly  on  cooling. 

Jelly  may  be  obtained  solid  by  drying.  That  from  the 
pulp  of  Tamarind,  Vauquelin  found  to  be  transparent. 

This  principle  unites  easily  with  alkalis:  nitric  acid  causes 
it  to  pass  into  oxalic  acid,  without  disengaging  from  it  any 
sensible  proportion  of  nitrogen  : it  forms  a precipitate  with 
infusion  of  galls.  When  subjected  to  destructive  distilla- 
tion, along  with  the  elastic  fluids  usually  obtained  from  the 
decomposition  of  vegetable  substances,  it  affords  much  py- 
ro-mucous  acid,  very  little  oil,  and  almost  no  ammonia. 
When  burnt,  its  ashes  yield  a little  carbonate  of  potash, 
carbonate  of  lime,  argil,  and  oxide  of  iron. 

Fourcroy  supposed  that  this  gelatinous  matter  is  a com- 
bination of  mucilage  and  vegetable  acid  ; — an  opinion  that 
is  vague,  and  liable  to  the  objection,  that  it  is  not  obvious 
how  the  addition  of  the  acid  could  so  far  modify  the  pro- 
perties ol  mucilage,  nor  is  there  any  proof  that  it  produces 
such  an  effect. 


* Annales  tie  Chimie,  tom.  v.  p.  101. 
t Ibid.  tom.  vi.  p.  282. 
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Sect.  IV. — of  sugar. 


Saccharine  matter  is  often  mixed  with  fecula  in  the 
seeds  and  roots  of  vegetables.  It  exists  in  still  larger  quan- 
tity as  one  ot  the  secreted  or  proper  juices  of  the  plant. 
It  is  not  a constant  principle,  but  is  formed  chiefly  at  cer- 
tain periods  ot  vegetation.  In  fruits  it  is  found  in  abun- 
dance only  in  a state  of  maturity;  and  in  those  plants 
which  afford  it  in  largest  quantity,  it  is  more  abundant  at 
crriJu  periods  than  at  others. 

I he  plant  named  the  Sugar  Cane  ( Arundo  saccharifera) 
has  long  been  cultivated  for  the  production  of  sugar.  The 
juice  ot  it,  at  a certain  season,  consists  principally  of  sac- 
charine matter:  it  is  pressed  out  by  subjecting  the* canes, 
cut  short,  and  tied  in  bundles,  to  the  pressure  of  three  up- 
right iron  rollers  or  cylinders,  the  middle  one  of  which  is 
made  to  revolve.  The  expressed  juice  is  clarified,  by  heat- 
ing it  with  a quantity  of  pure  quicklime,  by  which  the  por- 
tion of  acid  present  in  the  juice,  and  which  prevents  the 
concretion  ot  the  sugar,  is  neutralized;  the  lime  in  com- 
bination with  this  acid,  and  also  with  carbonic  acid,  and 
with  a portion  of  vegetable  or  herbaceous  matter,  is  preci- 
pitated : towards  the  end  of  the  operation,  a scum  collects 
on  the  surface,  consisting  of  the  mucilaginous  and  oily  mat- 
ter of  the  juice,  with  any  grosser  impurities  entangled  in 
it.  V hen  this  is  fully  formed,  the  fire  is  damped,  and  the 
liquid  is  left  at  rest,  to  become  clear.  It  is  afterwards  run 
into  the  evaporating  boiler,  in  which  it  is  made  to  boil : 
it  is  removed  from  one  evaporating  vessel  into  another,  as 
the  evaporation  proceeds,  until  it  be  so  far  boiled  down, 
that  on  cooling,  the  sugar  concretes.  It  is  then  run  into 
the  cooler,  a large  shallow  wooden  vessel,  in  which  this 
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operation  takes  place ; and  from  the  concrete  sugar,  the 
remaining  liquid  part,  the  Molasses,  is  drained  off*. 

The  sugar  thus  obtained  is  in  small  crystalline  grains, 
of  a brown  colour,  and  is  not  perfectly  pure.  It  is  some- 
times obtained  purer,  by  running  the  inspissated  juice  into 
conical  vessels,  the  apex  of  the  cone  being  undermost,  in 
which  it  is  allowed  to  concrete ; by  an  aperture  at  the  bot- 
tom, the  remaining  liquid  is  withdrawn,  and  there  is  ap- 
plied at  the  top  a layer  of  clay,  which  is  kept  moist  with 
water : this  water  filtrates  slowly  through  the  sugar,  and 

i 

removes  the  molasses. 

In  Europe,  the  sugar  is  purified  by  a process  somewhat 
similar.  It  is  dissolved  in  lime-water,  and  boiled,  the  lime 
being  supposed  to  neutralize  a small  portion  of  acid  pre- 
sent in  the  unrefined  sugar,  and  probably  precipitating  a 
little  extract : a quantity  of  blood  is  added,  which  forms  a 
coagulum  during  the  boiling,  that  rises  to  the  surface,  and 
entangles  the  impurities.  The  clear  liquor  is  boiled  down  : 
it  is  run,  when  cold,  into  conical  clay  moulds,  which  arc 
placed  with  the  apex  of  the  cone  undermost : when  it  has 
become  concrete,  an  aperture  is  made  at  this  point;  the 
base  of  the  cone  is  covered  with  clay,  which  is  moistened 
with  water  : and  this  water,  slowly  transuding  through  the 
sugar,  removes  any  superfluous  syrup;  the  conical  loaves 
are  dried  in  a stove.  This  operation  is  sometimes  repeat- 
ed : the  sugar  is  then  brought  to  the  state  of  greatest  pu- 
rity : it  is  in  the  form  of  a mass,  composed  of  crystalline 
grains,  white,  and  having  a taste  perfectly  sweet,  without 
any  peculiar  flavour  f. 


* Several  improve inents  were  introduced  into  the  process  by  Dr 
Higgins,  which  are  described  in  the  24th  volume  of  the  Philoso- 
phical Magazine, 

t An  improved  method  of  refining  of  sugar  has  been  introduced 
by  Mr  Howard,  in  which,  by  a more  perfect  filtration,  the  treacle 
is  more  completely  and  economically  abstracted,  and  *the  conceit 
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Other  plants  besides  the  sugar  cane  produce  saccharine 
matter  in  great  abundance.  In  America,  large  quantities 
are  obtained  from  the  sugar  maple,  (Acer  saccharinum). 
According  to  the  account  given  by  Dr  Rush,  the  saccha- 
rine juice  is  most  abundant  in  the  tree  in  the  spring;  the 
stem  is  bored  at  that  season  with  an  auger,  in  an  ascend- 
ing direction,  and  the  aperture  is  deepened  gradually 
to  the  extent  of  two  inches.  When  the  juice  ceases  to 
flow,  a similar  aperture  is  made  in  another  part ; and  in 
the  course  of  four  or  six  weeks  a large  quantity  is  collect  - 
ed. The  saccharine  matter  is  procured  by  boiling  the  juice 
until  the  greater  part  of  the  water  is  dissipated  ; a small 
quantity  of  slacked  lime  being  added,  with  a portion  of 
milk,  or  of  the  white  of  eggs,  to  clarify  it,  and  a little  but- 
ter, to  prevent  the  liquor  from  boiling  over  the  vessel.  The 
sugar  is  made  to  concrete,  and  is  clayed  and  refined  near- 
ly in  the  same  manner  as  is  practised  in  the  manufacture 
of  sugar  from  the  sugar  cane.  From  the  juice  yielded  by 
a tree  of  the  usual  size,  five  pounds  of  sugar  may  be  ex- 
tracted, and  the  operation  can  be  repeated  annually,  the 
tree  not  being  injured  by  the  tapping  *. 

The  beet  (Beta  vulgaris),  the  parsnip,  (Pastinaca  sativa), 
the  carrot  (Daucus  carotta),  the  turnip  (Brassica  rappa), 
and  other  plants  allied  to  these  in  their  natural  characters, 
contain,  at  certain  periods  of  their  growth,  juices  possess- 
ed of  considerable  sweetness:  and  Margraaf  extracted  from 
all  of  them  a portion  of  sugar  f . Some  years  ago,  the  pro- 
duction of  sugar  from  the  beet  engaged  the  attention  of 
the  German  chemists  ; and  it  was  to  a certain  extent  cul- 


tration  of  the  filtered  liquor  is,  by  an  abstraction  of  atmospheric 
pressure,  eUccted  at  a lower  temperature,  so  that  the  conversion 
of  a portion  of  sugar  into  treacle,  which  takes  place  at  a higher 
temperature,  is  prevented,  (Thomson’s  Annals,  vol.  viii.  p.  20.9.) 

* Transactions  of  the  American  Phil.  Society,  v.  iii.  p.  6'4. 
t Metnoires  dc  lyicad.  dcs  Sciences  de  Berlin,  1747. 
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tivated,  to  obtain  a substitute  for  the  sugar  of  the  West- 
India  islands.  Different  memoirs  on  this  subject  were 
published  by  Achard*,  Hermbstaedtf,  LampadiusJ,  and 
others.  The  general  process  for  extracting  it,  as  describ- 
ed by  Achard  ||,  consists  in  softening  the  roots,  by  boiling 
in  water,  cutting  them  in  slices,  and  expressing  the  juice 
by  a press.  The  expressed  juice  is  strained,  and  is  reduced 
by  boiling  to  about  two-thirds.  It  is  then  strained,  and  is 
reduced,  by  farther  boiling,  to  about  one-halt.  It  is  strain- 
ed a third  time,  and  is  reduced  to  the  consistence  of  a sy- 
rup. This  syrup,  put  into  shallow  earthen  vessels,  is  kept 
in  an  apartment  heated  by  a stove  to  a temperature  ol  from 
80  to  120  of  Fahrenheit,  until  the  sugar  is  deposited  in  an 
irregular  crystallized  mass.  The  remaining  liquid  is  pour- 
ed off,  and  the  mass  of  sugar  is  subjected  to  pressure  to 
render  it  dry.  The  addition  of  a portion  of  lime-water 
in  the  boiling  has  been  supposed  to  facilitate  the  concre- 
tion of  the  sugar,  and  it  is  useful,  according  to  Lampa- 
dius,  in  neutralizing  the  acid  contained  in  the  juice.  He 
recommends  also  the  expressing  the  juice  from  the  roots 
without  previous  boiling,  adding  in  the  boiling  a portion 
of  milk,  which,  by  its  coagulation,  serves  to  clarify  the 
juice;  and  reducing  the  heat  in  the  last  stage  of  the  eva- 
poration §.  Achard,  in  a process  which  he  gave  subse- 
quent to  the  first,  employs  a little  sulphuric  acid  to  coagu- 
late the  albumen  of  the  juice,  and  afterwards  lime,  to  ab- 
stract this  acid,  and  promote  the  crystallization  of  the  su- 
gar ^f.  Chaptal,  who  conducted  the  manufacture  of  beet 
sugar  on  a large  scale  in  France,  during  the  interruption 
of  commerce,  employed  nearly  the  same  process.  On  the 


* Nicholson’s  Journal,  4to,  vol.  iii.  p.  257.  288.  474. 
t Ibid.  p.  555.  410. 

f Annales  de  Chimie,  tom.  xxxviii.  p.  76. 

||  Ibid.  tom.  xxxii.  p.  264.  § Ibid.  tom.  xxxviii.  p.  76. 

Nicholson’s  Journal,  vol.  xii.  p.  259. 


OF  SUGAR. 


109 


supposition  that  it  may,  under  particular  circumstances,  be 
had  recourse  to  with  advantage,  he  has  given  the  whole 
details  in  an  elaborate  memoir  *. 

Hermbslaedt  obtained,  from  1 25  lbs.  of  the  roots  of  the 
Beta  vulgaris,  5*  lb.  of  brown  sugar,  and  If  lb.  of  syrup, 
which  drained  off  f . This  sugar  has  rather  a disagreeable 
taste,  but  by  clarifying  the  juice  with  the  white  of  an  egg, 
(for  which,  in  the  large  way,  blood  might  be  advantageous- 
ly substituted),  it  is  obtained  white  and  pure  I;  it  is  usually 
in  the  state  of  a powder,  but  it  can  be  crystallized,  exactly 
in  the  same  manner  as  the  sugar  ol  the  sugar  cane.  The 
produce  is  much  dependent,  as  Achard  has  shown,  on  the 
methods  practised  in  the  cultivation  of  the  plant ; and  even 
in  countries  where  labour  is  cheap,  in  Germany  for  ex- 
ample, it  can  scarcely  be  cultivated  to  the  same  advantage 
as  the  sugar  cane  is  in  the  West  Indies. 

Sugar  is  also  contained  in  large  quantity  in  many  fruits, 
— the  grape,  fig,  apple,  pear,  &c.  hence  the  great  suscepti- 
bility of  their  juices  to  fermentation,  and  the  vinous  liquors 
they  afford.  In  the  grape  it  is  so  abundant,  that  it  may 
be  economically  extracted  from  that  fruit,  as  Proust  has 
shown.  The  process  consists  in  adding  to  the  clear  juice 
heated,  as  much  of  an  alkaline  ley  as  is  necessary  to  neu- 
tralize any  free  acid.  It  is  then  boiled  down  to  one-half, 
and  left  to  cool,  until  the  saline  matter  of  sparing  solubili- 
ty separates.  It  is  next  clarified  by  being  heated  with 
blood ; and  is  lastly  boiled  down  to  the  consistence  of  a 
syrup.  This,  after  ten  or  fifteen  days,  condenses  into  a 
yellow  granular  mass,  which  consists  of  a concrete  sugar, 
equal  to  about  three-fourths  of  the  mass,  a portion  of  fluid 
sugar  or  syrup,  and  a minute  quantity  of  extractive  mat- 
ter, gum,  and  malate  of  lime.  This  concrete  sugar  as- 


* Annales  de  Chimie,  tom.  xcv. 
t Nicholson’s  Journal,  8vo,  vol.  xiii.  p.  267. 
_t  Ibid.  4to,  vol.  iii.  p.  ItiS. 
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sumes  a kind  of  granular  crystallization,  and  may  be  re- 
duced to  a dry  powder,  but  cannot  be  brought  into  an  in- 
durated form.  Proust,  as  is  immediately  to  be  stated,  has 
distinguished  this  grape  sugar  as  a different  species  from 
the  sugar  of  the  sugar  cane. 

Sugar  is  also  formed  from  fecula  in  the  process  of  ger- 
mination, and  in  this  process  artificially  conducted  in  the 
operation  of  malting.  During  this  change  oxygen  is  ab- 
sorbed, and  carbonic  acid  is  formed,  as  has  been  already 
explained.  The  product  is  more  analogous  to  the  sugar 
of  the  grape,  than  to  that  of  the  sugar  cane. 

Another  process  has  been  discovered  within  these  few 
years,  by  which  sugar  is  formed  from  fecula,  by  the  agency 
of  sulphuric  acid.  The  discovery  was  made  by  Kirchoflj 
a Russian  chemist.  One  hundred  parts  of  starch,  four 
hundred  of  water,  and  one  part  of  sulphuric  acid,  are  the 
proportions  to  be  used.  To  one  half  of  the  water  the  acid 


is  added,  and  it  is  brought  to  boil  in  a copper  vessel  well 
tinned  ; the  starch  is  diffused  through  the  other  half  of  the 
water,  and  this  is  added  gradually,  in  small  portions  at  a 
time,  to  the  acid  liquor.  The  whole  is  kept  boiling  for 
thirty-six  hours,  adding  water  occasionally  to  supply  the 
evaporation.  Some  charcoal  is  then  added ; and,  lastly, 
as  much  chalk  as  is  sufficient  to  neutralize  the  sulphuric 
acid.  After  a little  additional  boiling  the  liquor  is  strain- 
ed, to  separate  the  sulphate  of  lime : if  the  process  has 


been  properly  performed,  it  is  colourless  and  transparent : 
it  is  then  evaporated  to  the  consistence  of  syrup,  and  is 
set  aside  to  crystallize,  which  it  usually  does  in  two  or  three 
days,  affording  a kind  of  granular  mass,  similar  to  the  sugar 
oi  the  grape.  The  process  does  not  succeed  with  the  flour 
ot  wheat,  or  of  the  potatoe  ; but  the  starch  of  the  potatoe 
affords  the  product  as  well  as,  or  even  better  than,  wheat 
starch.  1 he  proportion  of  sulphuric  acid  may,  according 
to  \ ogel,  be  increased  with  advantage  to  2 parts ; and 
the  time  of  boiling  may  be  shortened,  bv  increasing  the 
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proportion:  thus*  if  5 parts  of  acid  arc  added  to  100 
of  starch,  only  six  or  eight  hours  boiling,  according  to 
Schrader,  are  required.  According  to  Nasse,  nitric  and 
muriatic  acids  produce  the  change  as  well  as  sulphuric  acid. 
The  theory  of  the  operation  is  not  easily  explained.  Vogel 
and  De  la  Rive  have  ascertained,  that  no  elastic  fluid  is 
discharged ; that  the  presence  of  the  air  is  not  necessary, 
and  that  the  sulphuric  acid  is  neither  decomposed  nor  com- 
bined with  the  starch.  It  might  be  inferred,  therefore, 
conformable  to  the  action  which  this  acid  often  exerts  on 
vegetable  substances,  that  it  merely  causes  part  of  the  oxy- 
gen and  hydrogen  of  the  starch  to  combine  and  form  wa- 
ter, the  remaining  elements  forming  the  saccharine  pro- 
duct; and  this  opinion  was  proposed  by  Vogel.  But  it  is 
not  probable  that  this  kind  of  action  will  be  exerted  when 
the  acid  is  diluted  with  so  much  water.  Th.  Saussure,  too, 
has  stated  from  experiments,  that  the  weight  of  the  sugar 
exceeds  a little  that  of  the  starch  from  which  it  has  been 
produced.  He  concludes,  therefore,  that  starch  sugar  is 
nothing  more  than  a combination  of  starch  with  water  in 
a solid  state,  and  that  the  acid  causes  the  change  merely 
by  promoting  the  fluidity  of  the  aqueous  solution,  and 
thereby  facilitating  its  combination  with  the  starch.  But 
tli is  explanation  is  not  more  satisfactory,  since  starch  dis- 
solved at  a boiling  temperature  in  water  alone,  seems  to  be 
in  perfect  combination  with  it,  though  without  acquiring 
any  saccharine  product ; and  since  it  is  not  apparent  how 
any  combination  with  water  should  produce  such  an  im- 
portant change  of  properties  *. 

Ol  the  varieties  of  sugar,  that  of  the  sugar  cane  may 
be  considered  as  the  species  in  its  purest,  and  best  defined 
form.  Its  properties,  therefore,  are  first  to  be  stated. 

When  pure  its  taste  is  perfectly  sweet,  free  from  any  pe- 

* Annals  of  Philosophy,  vol.  i.  p.  05.  v.  p.  55.  vi  p.  425. 
Anuales  de  C himie,  tom.  82. 
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culiar  flavour ; it  is  inodorous  and  of  a white  colour ; and 
in  the  state  in  which  it  is  usually  prepared,  is  composed  of 
brilliant  grains  ; the  sugar  from  different  vegetables,  how- 
ever, often  retains  extractive,  mucilaginous,  or  oily  matter, 
from  which  it  derives  taste,  flavour,  and  other  qualities. 

Sugar  is  abundantly  soluble  in  water : at  the  tempera- 
ture of  50  it  does  not  require  more  than  its  own  weight  to 
dissolve  it : at  a higher  temperature  the  quantity  dissolved 
is  greater;  and  at  212°  the  water  retains  any  quantity  in 
solution.  The  consistence  of  a strong  solution  is  thick  and 
viscid.  In  pharmacy  it  is  named  Syrup,  and  different  sy- 
rups are  prepared  from  vegetable  juices,  or  vegetable  in- 
fusions, by  adding  the  requisite  proportion  of  sugar. 

Sugar  crystallizes  from  its  saturated  solution  : the  form 
of  the  crystals  is  a prism  of  four  or  six  sides,  bevelled  at 
each  extremity,  or  sometimes  acuminated  by  three  planes. 
It  does  not,  according  to  Berzelius,  contain  more  than  1 
per  cent,  of  water  of  crystallization,  but  contains  in  its  com- 
mon state  about  5 per  cent  of  water  in  intimate  combina- 
tion. 

Sugar  is  also  soluble  in  alkohol,  and  the  solution  affords 
crystals  on  evaporation.  In  the  vegetable  analysis,  this 
solution  is  employed  to  extract  sugar  from  those  vegetable 
products  which  contain  it  in  small  quantity,  as  it  frees  it 
from  the  mucilage  which  adheres  to  it ; and  by  slow  crys- 
tallization it  may  be  separated  from  any  other  principle 
which  the  alkohol  had  dissolved.  By  this  process  Mar- 
graaf  obtained  pure  sugar  from  a number  of  vegetables. 

When  exposed  to  heat,  sugar  is  blackened,  swells,  and 
burns  to  a coal ; and  if  the  heat  be  high,  this  is  accompa- 
nied with  flame.  The  products  of  its  combustion  are  wa- 
ter and  carbonic  acid. 

The  fixed  alkalis  combine  with  sugar  in  solution  in  wa- 
ter : the  alkaline  properties,  as  Lowitz  observed,  are  little 
altered  by  the  combination,  even  when  a large  quantity  of 
sugar  is  used,  and  the  alkali  is  boiled  with  it.  The  sweet 
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taste  ol  the  sugar  is  nearly  destroyed,  but  on  adding  sul- 
phuric acid,  and  precipitating  the  sulphate  by  alkohol,  the 
sweetness  is  restored  *.  1 he  compound  of  sugar  and  pot- 

ash appears  not  to  be  soluble  in  alkohol,  though  both  its 
ingi  edients  aie;  Mr  Cruickshanii  having  found,  that  when 
alkohol  was  added  to  a solution  of  sugar  and  pure  potash, 
which  had  been  boiled  to  the  consistence  of  a syrup,  no 
union  took  place. 

The  action  of  the  alkaline  earths  on  sugar  is  similar  to 
that  ol  the  alkalis.  In  boiling  a solution  of  sugar  with  a 
little  lime,  Mr  Cruickshank  found,  that  the  lime  combined 
with  the  sugar,  and  communicated  to  it  bitterness  and  as- 
tringency : by  evaporation  the  liquid  was  reduced  to  a semi- 
tiansparent  substance,  tenacious,  and  having  a rough  bit- 
ter taste  mixed  with  a degree  of  sweetness.  On  adding 
alkohol  to  the  solution,  a precipitate  in  white  flakes  was 
iormed,  which  appeared  to  be  a combination  of  sugar  with 
lime.  Sulphuric  acid  added  to  the  solution,  precipitated 
the  lime  in  the  state  of  sulphate,  and  in  a great  measure 
restored  the  natural  taste  f.  Lowitz  had  observed,  that 
sugar  communicates  a greater  degree  of  solubility  to  lime, 
equal  parts  of  them  being  boiled  together  in  water.  In 
inspissating  this  compound,  a white  mass  was  obtained  ex- 
tremely acrid  and  caustic.  The  solution  in  boiling  be- 
comes thick  and  turbid,  lime  being  precipitated ; but  as  it 
cools,  the  lime  is  redissolved.  Alkohol  precipitates  the 
lime ; the  alkaline  carbonates  decompose  it  by  forming  car- 
bonate ol  lime ; and  it  appears  to  be  decomposed  on  ex- 
posure to  the  air,  from  absorption  of  carbonic  acid,  minute 
crystals  being  formed,  and  the  sweetness  of  the  sugar  being 
restored  f.  Mr  Cameron,  who  also  observed  this  property 
in  sugar  of  rendering  lime  more  soluble  in  water,  found 
the  same  effect  to  be  produced  on  strontites ; and  this  earth 
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was  likewise  separated  from  its  combination  with  the  sugar, 
both  by  the  alkalis  and  the  acids.  Magnesia  is  very  little 
soluble  in  a saccharine  solution  ; and  the  solubility  ol  ba- 
rytes he  found  not  to  be  increased  by  sugar  *. 

Sugar  combines  with  some  ol  the  metallic  oxides,  par- 
ticularly oxide  of  lead:  it  decomposes  several  metallic  salts; 
and,  according  to  Vogel,  reduces  the  oxide  which  is  then 
base  in  general  to  a lower  degree  of  oxidation  f. 

Sugar  is  decomposed  by  the  acids.  Sulphuric  acid  black- 
ens it,  by  causing  an  evolution  of  charcoal,  while  the  re- 
maining principles  of  the  sugar  enter  into  new  combina- 
tions, forming  water,  and  probably  some  ot  the  vegetable 
acids.  Nitric  acid  yields  oxygen  to  it,  and  converts  it  into 
an  acid,  which,  from  being  abundantly  formed  by  the  oxy- 
genation of  sugar,  was  at  one  time  named  Saccharine  acid, 
and  which  Scheele  demonstrated  to  be  oxalic  acid.  The 
process  consists  in  pouring  six  parts  ot  nitric  acid  on  one- 
part  of  sugar  in  coarse  powder,  and  applying  a model  an. 
heat ; an  effervescence  takes  place,  and  nitrous  acid  vapour 
is  disengaged  : the  application  ot  the  heat  is  continued  un- 
til this  ceases,  and  in  the  remaining  liquid  prismatic  crys- 
tals soon  form,  which  consist  of  oxalic  acid,  and  which, 
according  to  Cruickshank’s  experiments,  amount  to  ra- 
ther more  than  half  the  weight  oi  the  sugai.  1 licit  ic- 
mains  an  uncrystallizable  liquid,  containing  malic  acid. 
According  to  Vauquelin,  when  a little  sugar  is  put  into 
liquid  oxymuriatic  acid,  it  is  converted  into  citric  acid ; 
but  if  oxymuriatic  gas  be  transmitted  through  a solution 
of  sugar,  the  liquid  when  evaporated  affords  a residuum ; 
presenting  all  the  characters  ol  caramel,  or  sugar  impel - 
fectly  burnt 

The  products  of  the  destructive  distillation  of  sugar  in 


* Nicholson’s  Journal,  vol.  xviii.  p.  10. 
t Annals  of  Philosophy,  vol.  vii.  p.  42. 
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close  vessels,  are  pyro -mucous  acid  diluted  with  water,  and 
a little  empyreumatic  oil ; carbonic  acid,  and  carburetted 
hydrogen  gases,  are  disengaged;  and  the  residuum  is  char- 
coal. The  proportion  of  acid  is  larger  than  that  obtained 
from  the  decomposition  of  gum.  Cruickshank  found  *,  that 
when  saturated  with  lime  it  gave  no  indication  of  ammonia, 
as  the  acid  from  gum  does ; neither  did  the  charcoal  con- 
tain any  lime ; neither  nitrogen  nor  lime  therefore  enters 
into  the  composition  of  sugar,  and  it  is  to  be  regarded  as 
a compound  merely  of  carbon,  hydrogen,  and  oxygen.  It 
differs  from  gum  in  the  absence  of  nitrogen  and  lime ; and 
fiom  fecula  probably  in  the  proportion  of  oxygen  being 
larger,  and  of  carbon  being  less ; since  in  the  process  by 
which  fecula  is  converted  into  sugar,  oxygen  is  absorbed 
and  carbonic  acid  evolved.  The  proportions  of  its  ele- 
ments, as  determined  by  Lavoisier,  from  the  changes  it 
suffers  in  the  process  of  fermentation,  are  64  of  oxygen, 
28  of  caibon,  and  8 of  hydrogen  ; but  these  were  inferred 
from  results  so  complicated,  that  they  cannot  be  regarded 
as  certain.  Gay  Lussac  and  Thenard  give  as  the  propor- 
tions, carbon  42.47,  oxygen  50.63,  hydrogen  6.90.  Ber- 
zelius assigns  proportions  very  nearly  the  same,  carbon 
42.704,  oxygen  50.405,  hydrogen  6.891. 

From  the  differences  which  exist  in  the  composition  of 
gum,  fecula,  and  sugar,  may  be  traced  their  successive  for- 
mation in  the  process  of  vegetation.  The  sap  is  composed 
of  vegetable  matter,  mixed  with  salts  which  have  lime  for 
their  base.  Mucilage  or  gum,  which  seems  to  be  the  first 
product  from  it,  consists  of  carbon,  hydrogen,  and  oxygen, 
the  general  principles  of  vegetable  matter,  combined  with 
lime.  By  a further  elaboration  the  lime  seems  to  be  ab- 
stracted, and  the  carbon,  oxygen,  and  hydrogen,  brought 
into  union,  form  the  fecula : and  this  again,  by  a change 
in  the  proportions  of  its  principles,  and  particularly  by  an 

* Hollo  on  Diabetes,  p.  466. 
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addition  of  oxygen,  or  abstraction  of  carbon,  is  changed 
into  sugar. 

A fact  apparently  singular  was  observed  by  some  ol  the 
German  chemists,  in  their  experiments  on  the  produc- 
tion of  sugar, — that  the  exclusion  of  light  favours  its  pro- 
duction,— so  much  so,  that  a plant,  the  roots  or  stems 
of  which  are  sweet  while  the  light  is  excluded,  loses  this 
sweetness  when  the  light  is  admitted  The  exclusion  of 
light  in  a growing  vegetable  favours  the  accumulation  of 
oxygen,  and  therefore,  according  to  the  view  now  given, 
will  favour  the  conversion  of  fecula  into  sugar.  It  may  be 
added,  that  in  vegetables  the  saccharine  matter  seems  to  be 
formed  chiefly  in  the  parts  secluded  from  light,  as  it  is  most 
abundant  in  the  roots,  and  in  the  sap  rising  from  them,  while 
it  is  scarcely  discovered  in  the  leaves.  Sugar  is  formed, 
however,  in  the  fruit  of  vegetables ; and  with  regard  to 
this  Achard  mentions  a fact  which  appears  at  first  contra- 
dictory,—that  the  formation  of  the  sugar  is  promoted  by 
light ; this  is  indeed  well  known  with  respect  to  the  matu- 
ration of  fruits.  Instead,  however,  of  furnishing  any  ex- 
ception to  this  view  of  the  formation  ot  sugar  in  the  vege- 
table system,  it  confirms  it ; for  it  is  not  fecula,  but  an  acid 
juice,  which  in  the  fruit  is  converted  into  sugar;  and  this 
conversion  seems  to  be  effected,  as  might  a priori  be  in- 
ferred, by  an  abstraction  of  oxygen  from  the  acid. 

Mr  Cruickshank  endeavoured  to  convert  sugar  into  gum, 
by  the  action  of  substances  which  might  partially  abstract 
its  oxygen.  He  added  to  a portion  of  syrup,  which  filled 
an  inverted  jar  placed  over  mercury,  a little  phosphuret  of 
lime  ; a considerable  production  of  phosphoric  gas  almost 
immediately  took  place  ; at  the  end  of  eight  days  the  syrup 
had  no  sensible  sweet  taste,  but  rather  a bitter  astringent 
one ; when  filtered,  alkohol  produced  a copious  white  pre- 
cipitate in  flakes,  very  much  resembling  mucilage  separat- 
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ed  from  water  by  the  same  substance.  When  phosphuret. 
ot  lime  was  added  to  a solution  of  sugar  in  alkohol,  which 
was  exposed  to  the  air  so  that  the  alkohol  evaporated,  on 
adding  distilled  water,  and  filtering  the  liquor,  it  afforded 
by  evaporation  a substance  extremely  tenacious,  which  had 
the  appearance  of  gum  arabic ; its  taste  was  bitter,  with  a 
very  slight  degree  of  sweetness  ; when  thrown  upon  a red- 
hot  iron,  it  burned  like  gum,  and  left  a bulky  and  insipid 
charcoal.  The  sugar  therefore  was,  in  these  experiments, 
converted  into  a substance  resembling  gum  : and  that  this 
was  effected  by  the  abstraction  of  oxygen,  is  probable,  as 
Cruickshank  adds,  from  the  nature  of  the  substance  em- 
ployed, and  the  change  which  it  was  found  to  have  under- 
gone ; for  there  are  few  substances  which  have  so  strong  a 
tendency  to  combine  with  oxygen,  as  the  phosphuret  of 
lime  *. 

A singular  fact  with  regard  to  this  subject  was  commu- 
nicated to  me  by  Mr  Cameron  of  Glasgow, — that  a solution 
of  sugar  may  be  made  to  assume  the  tenacity  and  thick 
consistence  ot  strong  mucilage.  The  experiment  consists 
in  adding  If  lb.  of  syrup  (made  with  1 part  of  water  to  2 
of  sugar)  to  a gallon  of  water,  in  a stone  bottle,  mixing 
them  by  agitation,  stopping  the  bottle  closely,  and  placing 
it  in  a temperature  ol  about  50,  for  three  or  four  days. 
In  this  time  it  becomes  gelatinous,  still  retaining  its  sac- 
charine taste,  but  which  in  the  course  of  a week  or  two  it 
loses.  By  boiling  it,  it  loses  its  gelatinous  form,  and  assumes 
that  of  strong  mucilage  of  gum  Senegal.  I have  kept  it  in 
this  state  for  a considerable  time.  It  is  not  improbable, 
that  a slight  change  is  produced  in  the  combination  of  the 
principles  of  the  saccharine  inattef,  so  as  to  bring  it  to  the 
state  of  mucilage : and  a curious  fact  observed  by  Mr 
Cameron,  that  the  experiment  succeeded  only  with  unre- 
fined sugar,  accords  with  this ; unrefined  sugar  probably 
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containing  a small  portion  of  the  lime  employed  in  the 
process  of  preparing  it,  and  lime  being  essential  to  the  con- 
stitution of  mucilage  or  gum.  A solution  of  sugar  boiled 
with  a little  lime,  forms  a very  tenacious  liquid. 

The  Sugar  of  the  Grape,  it  has  already  been  remarked, 
was  pointed  out  by  Proust  as  essentially  distinct  from  that 
of  the  sugar  cane.  They  differ  considerably  in  their  pro- 
perties. The  grape  sugar  consolidates  in  small  granular 
masses,  which  have  a radiated  structure,  similar  to  the 
spherical  conci'etions  in  honey,  and  this  is  the  only  kind  ol 
crystallization  it  can  be  made  to  assume.  When  the  sy- 
rup adhering  to  this  is  removed,  the  sugar  may  be  obtain- 
ed in  a dry  powder  perfectly  white,  but  it  cannot  be  brought 
like  common  sugar  into  an  indurated  form;  its  sweetness 
is  inferior  to  that  of  the  other,  and  is  accompanied  with  a 
kind  of  coolness  of  taste;  it  is  less  soluble  in  water;  and 
though  it  dissolves  entirely  in  alkohol,  it  separates  lrom  it 
more  readily,  and  always  consolidates  in  granular  concre- 
tions, without  any  regular  figure.  It  is  more  disposed  to 
pass  into  fermentation,  its  solution  fermenting  spontaneous- 
ly at  the  proper  temperature,  while  the  solution  of  com- 
mon sugar  requires  the  addition  of  a ferment.  According 
to  Th.  Saussure,  it  differs  too  in  chemical  constitution 
from  the  sugar  of  the  cane,  the  latter  containing  a larger 
proportion  of  carbon.  He  obtained,  by  the  analysis  of 
cane  sugar,  results  nearly  the  same  as  those  given  by  Gay 
Lussac  and  Thenard,  that  is,  between  42  and  43  of  car- 
bon, with  oxygen  and  hydrogen  in  the  proportion  form- 
ing water ; while  the  proportions  from  the  analysis  of  the 
sugar  of  the  grape,  were  carbon  36.71,  oxygen  56.51,  hy- 
drogen 6.78,  leaving,  besides  the  smaller  proportion  of  car- 
bon, an  excess  of  oxygen  to  the  hydrogen  above  that 
forming  water,  of  5.29  *. 


* Anaals  of  Philosophy,  vol.  vi.  p.  424. 
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Beet  sugar  is  analogous  to  the  sugar  of  the  cane,  and  is 
even  like  it  capable  of  crystallizing.  According  to  Th. 
Saussure,  its  composition  too  is  so  far  similar,  that  it  con- 
tains the  larger  proportion  of  carbon  which  distinguishes 
the  other.  Maple  sugar  is  inferior  to  the  sugar  of  the  cane 
in  sweetness,  and  in  solubility  in  water.  The  sugar  ob- 
tained from  starch  is  of  all  these  most  analogous  to  grape 
sugar ; being,  as  Saussure  has  remarked,  perfectly  simi- 
lar to  it  in  its  cool  taste  and  inferior  sweetness,  in  meltino- 
at  the  temperature  of  boiling  water,  in  crystallizing  from 
its  watery  solution  in  spherical  masses,  and  in  passing 
spontaneously  into  the  vinous  fermentation.  And  its  ana- 
lysis affords  a composition  almost  precisely  the  same,  be- 
ing carbon  37.29,  oxygen  55.87,  hydrogen  6.84. 

The  nature  of  the  liquid  uncrystallizable  sugar  which  is 
found  in  many  fruits,  from  which  the  concrete  sugar  sepa- 
rates, and  of  which  the  Molasses  or  Treacle  from  the  sac- 
charine juice  of  the  cane  is  an  example,  is  not  well  deter- 
mined. It  is  probably  a farther  modification  of  that  diffe- 
rence which  constitutes  the  distinction  between  these  other 
varieties  of  sugar.  Like  them  it  is  distinguished  by  the 
facility  with  which  it  passes  into  fermentation.  Or  it  may 
have  some  degree  of  intermixture  affecting  its  properties. 

Su  gar  is  of  importance  as  a substance  nutritious  and  ge- 
nerally agreeable  in  taste.  It  exists  in  the  greater  part  of 
the  vegetable  substances  used  as  articles  of  diet,  and  ap- 
pears, from  some  facts  with  regard  to  its  use,  to  be  highly 
nutritive.  Even  animals,  when  partially  supplied  with  it,  it 
has  been  observed  in  the  West  Indies,  become  fat  and  vigo- 
rous, as  during  the  time  of  the  sugar  harvest,  though  they 
are  then  kept  almost  constantly  at  work.  By  its  antiseptic 
power  it  preserves  a number  of  substances  from  putrefac- 
tion, and  hence,  in  confectionary  and  in  pharmacy,  it  is 
used  in  the  preparation  of  conserves,  syrups,  and  similar 
compositions.  It  is  also  used  in  the  composition  of  varnish- 
es, of  ink,  and  of  some  pigments,  to  communicate  lustre. 
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There  are  some  substances  of  a saccharine  nature,  dif- 
fering in  their  chemical  properties  from  pure  sugar,  which 
may  be  noticed  under  this  section. 

Manna  is  a secreted  juice,  afforded  by  several  vegeta- 
bles, but  in  largest  quantity  by  several  species  ol  ash,  par- 
ticularly the  Fraxinus  ornus,  which  are  cultivated  in  Sicily 
and  Calabria  for  its  production.  It  exudes  spontaneously 
from  the  bark,  but  is  obtained  more  copiously  by  incisions 
in  the  stem  and  branches.  When  it  flow's  slow-ly  it  is  more 
pure : it  is  collected  on  straws  or  chips  of  wood,  and  forms 
Flake  manna : when  it  flows  more  abundantly  it  is  less 
pure,  and  forms  the  common  manna  of  commerce. 

The  purest  manna  is  in  pieces  of  a texture  somewhat 
granulated,  having  a taste  sweet,  but  rather  disagreeable. 
It  is  soluble  in  water  and  in  alkohol : its  solution  in  hot 
alkohol  deposites,  on  cooling,  an  abundant  congeries  of 
light  white  crystalline  needles,  perfectly  sweet ; the  re- 
sidual liquor  affords  by  evaporation  a darker  and  some- 
what tenacious  extract.  It  has  been  supposed  to  contain, 
besides  saccharine  matter,  mucilage  and  extractive  matter, 
from  which  its  taste  and  peculiar  qualities  are  believed  to 
be  derived  ; but,  according  to  Proust,'  these  are  not  to  be 
discerned  in  it,  and  it  is  merely  a peculiar  species  of  soft 
sugar.  It  is  affirmed  by  Chaptal,  that  when  its  solution  in 
water  is  boiled  with  lime,  clarified  with  the  white  of  an 
egg,  and  concentrated  by  evaporation,  it  affords  crystals 
of  sugar.  According  to  Fourcroy  and  Vauquelin,  it  is 
converted  into  oxalic  acid  by  the  action  of  nitric  acid,  with- 
out affording  any  trace  of  saccho-lactic  acid,  if  care  has 
been  taken  to  free  it  from  mucilage  by  the  action  of  alkohol. 
Proust,  on  the  contrary,  affirms  that  it  is  a characteristic 
property  of  it  to  yield  both  oxalic  and  saccho-lactic  acids. 
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Honey  is  another  vegetable  product,  similar  in  many  of 
its  properties  to  sugar : it  is  formed  in  a number  of  vege- 
tables : it  is  collected  by  the  bee ; and  many  other  insects 
feed  upon  it.  It  is  always  formed  in  the  flower,  chiefly  at 
the  base  of  the  pistil,  and  is  exposed,  frequently  by  a com- 
plicated arrangement,  to  the  atmospheric  air. 

The  nature  of  this  product  is  not  well  ascertained.  It 
evidently  contains  a large  quantity  of  saccharine  matter ; 
with  this  it  has  been  supposed  a portion  of  mucilage  is 
combined,  from  which  it  derives  its  softness  and  viscosity  : 
its  peculiar  taste  and  smell,  as  well  as  other  qualities  which 
honey  from  particular  plants  sometimes  has,  are  probably 
owing  to  extractive  matter,  or  essential  oil,  with  which  it 
may  be  impregnated.  It  is  soluble  in  water  : by  the  ac- 
tion of  nitric  acid  it  is  converted  into  oxalic  acid,  one 
ounce  affording,  according  to  Cruickshank’s  experiments, 

4 drachms,  4 grains  of  acid,  a quantity  little  less  than  that 
afforded  by  sugar. 

Lowitz  found,  that  by  adding  charcoal  to  honey  dissolv- 
ed in  water,  he  deprived  it  of  its  peculiar  smell,  taste,  and 
colour  : but  on  evaporating  the  solution,  it  resumed  its  co- 
lour, and  did  not  shew  any  disposition  to  crystallize.  On 
the  inspissated  liquid,  however,  being  allowed  to  stand  for 
two  months,  small  masses  formed  in  it  of  a crystallized 
appearance:  these  were  obtained  pure  by  diluting  with 
alkohol,  which  dissolved  the  glutinous  matter;  when  dried 
they  formed  a powder,  which  had  an  agreeable  swreet  taste. 

I he  granulated  consistence  of  w hite  honey  appearing 
to  arise  from  the  concretion  of  its  saccharine  part,  he  en- 
deavoured to  separate  that  part  by  the  action  of  alkohol. 
He  thus  procured  from  12  ounces  of  honey,  3 ounces  of 
saccharine  matter,  which  still,  however,  appeared  to  con- 
tain some  heterogeneous  substance  not  soluble  in  alkohol. 
He  therefore  boiled  pure  alkohol  on  the  whole  of  it : the 
saccharine  part  was  dissolved,  while  an  insoluble  matter 
remained  on  the  filter,  through  which  the  liquor  had  pass- 
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ed  while  hot.  This  liquor,  after  having  stood  for  some  days, 
deposited  the  saccharine  matter  in  small  spherical  masses, 
which  accumulating,  formed  a crust  firm  and  white.  This 
matter,  however,  Lowitz  was  unable  to  crystallize,  though 
its  texture  showed  a kind  of  crystalline  arrangement.  1 his 
sugar  of  honey  he  found  to  differ  from  common  sugar  in 
the  changes  which  it  suffers  from  certain  re-agents,  parti- 
cularly from  the  alkalis  and  alkaline  earths.  11  lime-wa- 
ter  be  added  to  its  watery  solution,  a brown  colour  is  ac- 
quired. Quicklime  added  to  the  solution  while  hot,  pro- 
duced strong  effervescence,  and  the  mixture  became  ol  a 
dark-brown  colour:  and  by  continuing  to  add  lime,  the 
saccharine  matter  was  decomposed.  It  the  solution  of 
honey  and  quicklime  is  thickened  by  evaporation,  alter  its 
brown  colour  is  removed  by  charcoal,  a transparent  mat- 
ter is  procured  of  a light  yellow  colour,  which  resembles 
gum  arabic,  but  has  a bitter  taste.  The  fixed  alkalis  pro- 
duce changes  on  honey,  and  on  the  saccharine  matter  pro- 
cured from  it,  the  same  as  those  from  the  action  ol  lime. 
Ammonia  produces  similar  effects,  but  more  slowly,  and 
only  when  its  action  is  promoted  by  heat  *. 

Cavezzali  gave  a process  by  which  the  sugar  of  honey 
is  obtained  crystallized.  It  consists  in  clarifying  white 
honey,  by  applying  a moderate  heat,  and  removing  the 
scum  from  its  surface,  then  adding  to  it  egg-shells  (which 
consist  principally  of  carbonate  of  lime)  in  powder  ; an  ef- 
fervescence takes  place  ; the  addition  is  continued  to  satu- 
ration, and  the  liquid  set  aside.  A thick  scum  which  forms 
on  its  surface  is  removed,  and  some  mucilaginous  flocculi 
are  separated  by  filtration.  A clear  syrup  is  thus  procur- 
ed, free  from  the  sharpness  of  the  honey.  At  the  end  of 
four  months,  a crystalline  crust  had  been  deposited  of  a 
red  colour,  which  attracted  humidity  ; but  the  colour  was 


* Journal  de  Physique,  tom.  xlii.  p.  45 G. 
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removed  by  washing  with  alkohol,  and  after  this  operation 
it  remained  dry  *. 

Some  experiments  on  honey  have  been  lately  made  bv 
Guilbert.  When  agitated  with  the  fourth  of  its  weight  of 
water,  he  found  that  it  became  liquid.  Thrown  on  a filtre, 
a portion  passed  through  having  the  appearance  of  syrup, 
and  a kind  of  paste  remained  on  the  filtre,  in  quantity  a- 
bout  TV  of  the  honey.  This  matter,  washed  with  alkohol, 
lost  its  yellow  colour,  became  dry  and  farinaceous,  and 
scarcely  sweet ; it  was  soluble  in  syrup  and  in  alkohol  by 
heat : it  was  also  soluble  in  four  parts  of  cold  water : it 
melts  from  a moderate  heat : it  affords,  when  acted  on  bv 
nitric  acid,  oxalic  acid.  According  to  Guilbert,  it  has  a 
purgative  quality,  which  does  not  belong  to  the  syrup,  and 
this  quality  in  honey  must  therefore  be  derived  from  it  f. 

Proust  distinguished  two  species  of  honey,  as  well  as  of 
sugar ; the  one,  the  common  yellow  honey,  of  a uniform 
consistence  and  viscid ; the  other,  the  granulated  white 
honey,  which  becomes  solid,  and  assumes  the  form  of  small 
spherical  masses.  From  the  white  granulated  honey  he 
obtained,  by  the  action  of  alkohol,  a saccharine  powder 
of  an  agreeable,  cool,  and  sweet  taste,  which  he  regards 
as  nearly  the  same  with  the  soft  sugar  of  grape  f.  The 
other  appears  to  be  a liquid  uncrystallizable  sugar,  with 
which  the  concrete  variety  is  more  or  less  mixed. 

The  saccharine  matter  formed  in  certain  morbid  states 
ot  the  animal  economy,  giving  rise  to  the  disease  named 
Diabetes,  appears  similar  in  many  of  its  properties  to  the 
sugar  of  honey.  It  suffers  nearly  the  same  change  from 
lime  : in  the  experiments  made  on  it  by  Nicolas,  when  a 
little  lime  was  added  to  its  solution,  and  the  whole  boiled, 
on  afterwards  clarifying  it  with  the  white  of  an  eo-o-  the 
hquor  was  found  to  have  assumed  a reddish-brown  colour, 


* Annales  tie  Chimie,  tom.  xxxix.  p.  110. 
i Ibid.  tom.  Ixxxii.  p.  109.  f Ibid.  tom.  lvii.  p.  157.  &c. 
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bad  lost  its  sweetness,  and  become  acrid ; and  when  the 
lime  was  separated  from  the  combination  by  the  addition 
of  an  acid,  the  sweetness  was  not  restored  *.  This  is  the 
kind  of  change  the  sugar  of  honey  suffers  from  lime,  and 
is  different  from  that  which  pure  sugar  undergoes.  Cruick- 
shank  found,  that  the  saccharine  extract  formed  in  diabetes 
is  convertible  into  oxalic  acid' by  the  action  oi  nitric  acid  f ; 
a property  which  belongs  to  the  sugar  oi  honey  as  well  as 
to  pure  sugar. 


Sect.  V. — of  gluten. 

Along  with  the  fecula  and  saccharine  mat  ter  which  com- 
pose the  principal  part  of  the  nutritive  grains,  there  exists 
a substance,  approaching  in  its  characters  to  animal  mat- 
ter. From  its  resemblance  to  the  animal  principle  former- 
ly named  Gluten,  it  has  received  the  name  of  Vegetable 
Gluten.  It  has  been  believed  likewise  to  be  contained  in 
the  juices  of  plants  ; but  it  is  more  easily  separated  from 
the  farina  of  the  nutritive  grains,  and  it  is  from  the  gluten 
extracted  in  this  wray  that  its  characters  are  derived.  Its 
existence  was  pointed  out,  more  than  seventy  years  ago,  by 
Beccaria,  to  whom  we  are  indebted  lor  the  simple  analysis 
of  the  nutritive  grains  by  which  it  is  obtained. 

In  obtaining  the  fecula  of  wheat,  by  kneading  the  flour 
made  into  a paste  with  water  in  the  hand,  or  in  a coarse 
linen  bag,  the  fecula  is  carried  off  suspended  in  the  water, 
and  the  sugar  and  other  soluble  principles  are  dissolved. 
There  remains  at  length  a soft  viscous  substance,  of  a fi- 
brous  texture,  possessing  great  tenacity  and  elasticity.  It 


* Annales  de  Chimie,  tom.  xliv.  p.  (>5. 
t Hollo  on  Diabetes,  p.  429. 
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is  this  which  is  denominated  Gluten.  It  is  obtained  in 
largest  quantity  from  wheat ; the  quantity,  on  an  average, 
amounting,  when  dry,  to  about  a twelfth  part  of  the  weight 
of  the  flour  of  that  grain ; and  taking  into  account  the 
weight  of  the  water  with  which  it  combines  in  its  extrac- 
tion, it  varies,  according  to  Beccaria,  from  a third  to  a 
fifth  of  the  weight  of  the  flour.  Sir  H.  Davy  found  the 
flour  of  the  wheat  of  this  country  to  consist  of  from  20  to 
24  of  gluten,  with  from  70  to  77  of  starch  ; the  wheat  of 
warm  countries,  he  states,  contains  in  general  a larger  pro- 
portion *.  Gluten  is  contained  in  much  smaller  quantity 
in  the  other  nutritive  grains,  and  can,  indeed,  be  scarcely 
extracted  from  a number  of  them.  Sir  H.  Davy  found 
barley  to  consist  of  79  of  starch,  6 of  gluten,  and  7 of  sac- 
charine matter,  with  8 of  husk  ; and  from  rye  61  of  starch, 
with  5 ol  gluten.  Einhoff  had  obtained  analogous  results 
from  both  these  grains.  Beccaria  found  traces  of  it  in 
maize.  Rice  consists  chiefly  of  starch  ; but,  according  to 
Braconnot,  it  contains  also  a portion  ofvegeto-animal  mat- 
ter, which  is  analogous  to  gluten  f.  And  Fourcroy  and 
\ auquelin  found,  that  a principle  possessing  the  characters 
of  animal  matter,  and  therefore  probably  also  analogous  to 
gluten,  exists  in  garden-beans  and  lupines.  There  are  no 
traces  of  it  in  the  potatoe,  or  other  nutritive  roots.  It  has 
been  supposed  to  be  contained  in  the  juices  of  plants. 
Rouelle  had  observed,  that  the  juices  of  the  fresh  leaves  of 
a number  of  vegetables  deposited,  on  standing,  a matter 
which,  from  its  colour,  he  named  Green  Fecula;  and  in 
this  substance  he  discovered  the  existence  of  a principle 
which  he  considered  as  analogous  to  the  gluten  of  wheat. 

The  gluten  obtained  in  the  analysis  of  wheat  flour,  bv 
the  method  above  described,  is  a solid  viscous  substance. 


* Elements  of  Agricultural  Chemistry,  p.  125. 
t Annals  of  Philosophy,  vol.  x.  p.  192. 
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extremely  tenacious,  so  that  it  can  be  drawn  out  to  a great 
length,  and  moulded  into  any  form ; it  is  also  highly  elas- 
tic, so  that  it  quickly  resumes  when  left  to  itself  its  former 
volume;  its  texture  is  distinctly  fibrous.  It  has  scarcely 
any  taste;  its  odour  is  faint:  its  colour  is  greyish,  and, 
when  dried,  it  is  semi-transparent,  having  some  resem- 
blance to  glue  in  its  appearance.  In  its  soft  state  it  is  ex- 
tremely adhesive  to  the  touch,  and  has,  from  this  property, 
been  used  as  the  basis  of  cement,  for  uniting  fragments  of 
porcelain  or  glass. 

When  exposed  to  the  air,  gluten  remains  for  some  time 
soft,  acquiring  a darker  colour.  If  exposed  to  a dry  and 
warm  atmosphere,  it  dries  slowly,  and  loses  its  ductility  and 
elasticity.  This  induration  of  it  is  more  complete,  when 
a moderate  heat  is  slowly  applied  to  it ; it  may  then  be 
rendered  hard  and  brittle.  But  in  a humid  atmosphere 
soft  gluten  retains  its  softness,  and  soon  passes  into  putre- 
faction, swelling,  and  acquiring  an  offensive  odour, — 
changes  which  are  accompanied  with  the  formation  of  am- 
monia, acetic  acid,  and  an  oily  matter  *.  If  it  has  not 
been  entirely  deprived  of  the  fecula  of  the  wheat,  this,  ac- 
cording to  Macquer’s  observations,  suffers  the  acetous  fer- 
mentation ; and  the  re-action  of  the  small  portion  of  acid, 
with  the  slow  action  of  the  air  and  water,  converts  the  glu- 
ten into  a substance,  which,  as  llouelle  remarked,  has  a 
near  resemblance  to  cheese,  and  which,  by  the  addition  of 
salt,  may  be  preserved  in  that  state  f. 

When  kept  immersed  under  water,  a formation  of  ace- 
tous acid  takes  place,  and  ammonia  is  also  formed,  which 
combines  with  this  acid,  though  not  in  quantity  sufficient  to 
saturate  it.  This  evolution  of  acetic  acid  appears,  as  Vau- 
quelin  has  remarked,  to  check  the  progress  of  putrefaction  ; 


* Annales  lie  Chimie,  tom.  xxxviii.  p.  2^9. 
t Fourcroy’s  System,  vol.  vii.  p.  417. 
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and,  by  its  action,  a portion  of  the  gluten  is  dissolved  by 
the  water  *.  In  this  state  of  solution,  it  gradually  putre- 
fies, separating  in  mucous  pellicles. 

The  gluten  that  remains  undissolved,  after  this  kind  of 
fermentation  which  it  has  suffered,  if  immersed  anew  in 
water,  begins  again  to  ferment,  disengages  carbonic  acid, 
becomes  of  a purple  colour,  and  emits  a foetid  odour,  si- 
milar to  that  from  putrid  animal  membrane.  After  some 
months  of  this  slow  putrefaction,  it  has  acquired  a brown 
colour,  exhales  only  a faint  smell,  is  much  diminished  in 
volume  and  quantity ; when  dried,  it  forms  masses,  which 
soften  under  the  finger  like  wax,  melt  and  burn  with  flame  ; 
it  is  soluble  inalkohol,  which  it  colours  brown  ; a portion 
remains  undissolved  in  the  state  of  a powder,  inodorous, 
insipid,  and  similar  to  charcoal  powder,  but  burning  with 
an  acrid  odour,  and  affording  ashes,  in  which  iron  and  si- 
lex  exist.  In  this  series  of  changes,  part  of  the  nitrogen 
and  hydrogen  of  the  gluten  unite  to  form  ammonia;  part 
of  its  carbon  forms,  with  oxygen,  carbonic  acid ; another 
portion  of  carbon,  with  hydrogen,  form  the  unctuous  mat- 
ter; and  the  remaining  elements  united,  form  the  resi- 
duum f. 

It  is  doubtful  if  gluten  is  soluble  in  pure  water.  When 
water  is  allowed  to  remain  over  it,  its  transparency  is  im- 
paired, and  a mucous  matter  appears  to  be  dissolved,  or 
rather  suspended  in  it : by  filtration  it  may  be  rendered 
limpid  : when  heated,  a glutinous  matter  separates  in  floc- 
culi:  and  a precipitate  is  thrown  down  by  oxymuriatic  a- 
cid,  and  by  tannin.  But  it  is  not  certain  that  these  phe- 
nomena depend  on  the  presence  of  pure  gluten  ; it  is  pro- 
bable they  are  connected  with  the  changes  in  composition 
which  it  has  suffered,  and  probably  with  the  production 
oi  acetous  acid,  from  its  partial  decomposition.  When 

* Annales  de  Chimie,  tom.  xxxviii.  p.  259. 

t Annales  du  Museum  d’Histoire  Naturelle,  tom.  vii.  p.  4. 
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water  is  boiled  on  gluten,  it  contracts,  becomes  more  solid, 
and  loses  its  tenacity  and  ductility. 

Gluten  is  insoluble  in  alkohol : alkohol  even  precipitates 
the  small  portion  of  it  which  water,  when  it  has  been  mace- 
rated on  it,  holds  dissolved.  If  gluten,  however,  which  has 
been  kept  for  some  time  under  water,  so  as  to  have  pass- 
ed into  the  acid  fermentation,  be  triturated  with  alkohol, 
it  is  partially  dissolved,  and  a licjuid  of  a thick  consistence 
formed.  If  more  alkohol  be  added  to  this,  part  of  the  glu- 
ten is  precipitated,  but  a portion  remains  in  solution,  and 
by  filtration  forms  a transparent  licjuid.  By  evapoi  ation 
the  gluten  is  obtained  dry,  brittle,  and  shining.  Cadet, 
by  whom  these  experiments  were  made,  has  remarked,  that 
the  thick  solution  of  fermented  gluten  in  alkohol  forms  an 
excellent  varnish,  as  it  is  transparent,  adheres  strongly,  has 
a degree  of  elasticity,  and  does  not  scale  off.  A similar 
varnish  is  obtained  by  dissolving  gluten  in  acetous  acid  ; 
that  formed  by  alkohol  is  preferable,  but  both  have  the 
imperfection  of  being  affected  by  humidity.  This  latter 
solution  also  forms  a cement  for  porcelain,  and  a basis  for 
paints  *. 

Gluten  is  dissolved  by  alkaline  solutions,  when  their  ac- 
tion is  aided  by  heat.  On  the  addition  of  an  acid  to  the 
solution,  the  glutinous  matter  is  precipitated,  but  so  tar 
changed  as  to  be  no  longer  elastic.  In  a concentrated 
state,  the  alkalis  decompose  it,  and  form  a kind  of  soap, 
while  there  is  also  a production  of  ammonia. 

The  changes  produced  in  gluten  by  the  acids  are  diffe- 
rent according  to  the  nature  of  the  acid,  and  its  concen- 
tration or  dilution.  The  weaker  acids,  as  the  acetic,  dis- 
solve it,  though  not  without  some  change,  as,  during  the 
solution,  a portion  of  ammonia  is  formed  ; and  when  the 
acid  is  neutralized  by  an  alkali,  the  gluten  is  precipitated 
with  the  loss  of  its  ductility  : Fourcroy  affirmed,  however, 


* Philosophical  Magazine,  vol.  xiii.  p.  8. 
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that  it  ig  precipitated  with  its  properties  unaltered  *.  When 
it  has  undergone  the  slight  fermentation  which  it  suffers 
when  kept  under  water,  it  is  still  more  soluble  in  acetic 
acid ; and  a portion  ot  it  appears,  from  Vauquelin’s  expe- 
liments,  to  exist  dissolved  in  the  sour  liquor  obtained  in 
the  preparation  ot  starch  from  wheat,  probably  by  the  me- 
dium ot  the  acetous  acid,  and  in  consequence  of  this  slight 
change  f.  Hence,  as  he  has  observed,  the  necessity,  in  the 
piepaiation  ot  starch  from  wheat,  to  allow  the  liquor  above 
the  fecula  to  run  into  the  acetous  fermentation,  and  in  its 
acid  state  to  remain  over  it  for  some  time ; the  acetous 
acid  dissolving  the  portion  of  gluten  which  adheres  to  the 
starch,  and  thus  rendering  it  more  pure,  of  a whiter  and 
moie  brilliant  colour,  and  more  loose  and  dry;  w'hile  in 
the  preparation  of  starch  from  the  potatoe,  or  from  other 

roots  or  grains  which  do  not  contain  gluten,  this  is  not  re- 
quisite. 

Sulphuric  acid  blackens  gluten,  and  causes  a formation 
of  acetic  acid  and  of  ammonia,  with  an  evolution  of  car- 
buretted  hydrogen.  Nitric  acid  disengages  from  it  nitro- 
gen gas,  and  gives  rise  to  the  production  of  oxalic  and  ma- 
lic acids.  Muriatic  acid  acts  on  it  slowly,  and  in  a man- 
ner somewhat  similar  to  the  acetic.  Oxymuriatic  acid  sof- 
tens gluten,  and  changes  it  into  a yellowish  flocculent  mat- 
ter. It  also  precipitates  it  from  any  combinations  in  which 
it  is  in  a state  of  solution,  and  thus  affords  a test  by  which 
its  presence  may  be  recognised.  Dr  Bostock  has  pointed 
out  some  other  tests.  Precipitates  are  thrown  down  from 
water  macerated  on  it  by  acetate  and  super-acetate  of  lead. 
Nitrate  of  mercury  causes  a precipitate  to  subside  quickly, 
and  the  liquid  above  assumes  a pink  colour.  It  is  not  pre- 
cipitated by  sihcated  potash,  but  gives  a copious  precipi- 
tate with  infusion  of  galls. 


* f nnales  du  Mus<;um  d’Histoire  Naturelle,  tom.  vii.  p.  4. 
• nnales  de  Chimie,  tom.  xxxviii.  p.  259.  261. 
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Gluten  presents  a peculiarity  in  its  decomposition  bt 
heat;  the  products  being  the  same  as  those  of  animal  matter. 
When  exposed  to  a moderate  heat,  it  swells : it  placed  on 
burning  fuel,  it  becomes  soft  or  semi-fluid,  and  burns  with 
a foetid  odour.  If  subjected  to  destructive  distillation,  it  af- 
fords carbonate  of  ammonia,  partly  concrete,  partly  in  so- 
lution in  water,  a large  quantity  ol  a thick  empyreumatic 
oil,  and  a little  prussic  acid  : there  is  disengaged  also  cai- 
buretted  hydrogen  gas ; and  the  remaining  charcoal  is  ol 
difficult  incineration.  From  the  production  of  ammonia, 
it  is  obvious  that  nitrogen  enters  into  the  composition  ot 
gluten ; from  the  large  portion  ot  oil  which  it  affords,  it 
must  contain  much  hydrogen  ; while  none  of  the  products 
indicate  the  presence  of  oxygen  in  any  considerable  pro- 
portion. Phosphorus  also  appears  to  exist  in  its  composi- 
tion. Yauquelin  found,  that  the  liquor  formed  in  the  pre- 
paration of  starch  from  wheat,  contained  a portion  ot  phos- 
phoric acid  in  combination  with  lime,  piobably  deri\ed 
from  the  gluten  of  the  wheat ; and  the  phosphate  of  lime 
found  by  the  same  chemist  to  exist  in  the  ashes  of  wheat- 
flour,  has  probably  the  same  origin.  In  its  analysis,  there- 
fore, gluten  presents  all  the  characters  of  animal  matter, 
as  it  does  also  in  being  liable  to  putrefaction,  and  in  afford- 
ing nitrogen  from  the  action  ot  nitric  acid. 

Gluten  appears  to  have  the  property  of  promoting  fer- 
mentation ; and  the  action  ot  yeast  in  exciting  this  pro- 
cess, has  been  supposed  to  depend  on  the  gluten  it  contains. 
Yauquelin  remarked,  that  the  water  in  which  gluten  has 
been  macerated,  converts  sugar  into  excellent  vinegar  with- 
out effervescence,  and  without  the  contact  of  the  air  *. 

From  the  nature  of  this  principle,  it  must  contribute  to 
the  nutritious  quality  of  the  grains  in  which  it  exists,  as 
containing  all  the  qualities  required  for  animal  nutrition  : 
hence  the  superiority  of  wheat,  which  contains  it  in  so 


* Annales  du  Museum  d’Histoire  Naturelle,  tom.  vii.  p.  4#. 
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large  a proportion  to  the  other  nutritive  grains.  It  is  on 
the  presence  of  this  principle,  too,  that  the  superior  qua- 
lity of  bread  from  wheat,  compared  with  that  from  other 
grains  or  roots,  depends,  as  Beccaria  remarked.  The  flour 
°f  these  forms  with  water  a solid  friable  paste;  while  the 
flour  of  wheat  forms  a paste  that  is  ductile  and  elastic,  the 
gluten  forming  the  body  of  the  paste  through  which  the 
fecula  and  saccharine  matter  are  diffused ; and  when  the 
slight  fermentation  which  it  suffers,  probably  from  changes 
in  the  saccharine  matter  favoured  by  the  presence  of  the 
gluten,  takes  place,  this  paste  becomes  spongy  and  porous, 
from  the  disengagement  of  the  carbonic  acid  gas,  while  it 
still  retains  in  some  measure  its  elasticity  ; hence  the  light- 
ness and  porosity  of  well-baked  vvheaten  bread.  Bread 
possessing  these  qualities  cannot  be  prepared  from  the  flour 
or  oats,  barley,  rye,  or  rice,  or  from  any  of  the  nutritive 
loots,  as  in  all  of  these  the  quantity  of  gluten  is  less  con- 
siderable, or  entirely  wanting. 

I he  experiments  on  the  analysis  of  the  principal  nutri- 
tive grains  by  Fourcroy  and  Vauquelin,  though  imperfect, 
confirm  in  9 great  measure  preceding  results.  Besides  fe- 
cula, sugar,  and  gluten,  they  found  them  to  contain  por- 
tions of  phosphate  of  lime,  potash,  and  magnesia,  and  ox- 
ide of  iron.  Some  liguminous  plants,  particularly  lupines, 
they  found,  contain  neither  fecula  nor  sugar  *.  Some  ex- 
perimental researches  on  the  same  subject  have  more  late- 
ly been  given  by  Vogel.  The  flour  of  wheat  (triticum  hy- 
bernum)  he  found  to  be  composed  of  fecula  68,  gluten  24, 
gummy  sugar  8.6,  vegetable  albumen  1.5.  The  flour  of 
the  oat  consists  of  fecula  59,  albumen  4.3,  gum  3.5,  sugar 
and  bitter  principle  8.25,  oil  2,  with  fibrous  matter.  Rice 
contains  fecula  96,  sugar  1,  oil  1.5,  and  albumen  0.2  j-. 


Annales  <lu  Museum,  &c.  tom.  vii.  Philosophical  Magazine, 
'*  XXV*  1 Annals  of  Philosophy,  vol.  xi.  p.  514. 
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The  expressed  juices  of  a number  of  plants  01  the  cru- 
ciform kind,  contain  a principle  analogous  to  animal  mat- 
ter, in  being  liable  to  putrefaction,  and  evolving  ammonia 
during  its  decomposition.  Rouelle  regarded  this  as  a va- 
riety of  vegetable  gluten,  and  he  supposed  it  to  form  the 
basis  of  the  green  fecula  which  is  contained  in  the  express- 
ed juices  of  many  plants.  Fourcroy,  finding  that  this  prin- 
ciple exists  in  solution  in  these  juices,  that  it  is  separated  by 
coagulation  by  heat,  and  by  acids,  while  it  is  dissolved  by 
alkalis,  properties  in  which  it  approaches  to  the  proximate 
principle  of  animal  matter,  denominated  Albumen,  con- 
sidered it  as  different  from  gluten,  and  gave  it  the  name  of 
Vegetable  Albumen  *.  Proust  called  in  question  the  opi- 
nion of  Fourcroy,  and  revived  that  of  Rouelle.  I he  prin- 
ciple which  is  the  subject  of  this  diversity  of  opinion,  wants 
some  of  the  physical  characters  of  gluten,  but  this  may  be 
owincr  to  the  form  in  which  it  is  obtained ; it  approaches 
to  it  in  several  chemical  characters,  and  on  the  whole  may 
with  most  probability  be  regarded  as  a variety  of  it. 

If  scurvy  grass,  cabbage,  cresses,  or  horse-radish,  in  the 
recent  state,  be  subjected  to  pressure,  the  juice  that  is  ob- 
tained is  somewhat  turbid  ; but,  on  raising  its  temperature 
to  between  170°  and  212°,  flocculi  are  formed,  which  are 
diffused  through  the  liquid,  or  subside  from  it,  and  are 
easily  separated  by  filtration.  It  is  this  matter  which  Four- 
crov  considered  as  albumen,  or  which  Rouelle  and  Proust 
regarded  as  analogous  to  gluten. 

In  its  separation,  part  of  the  green  colouring  matter  ol 
the  plant,  in  a state  somewhat  similar  to  fecula,  and  some- 
times of  a resinous  nature,  adheres  to  it ; but  Fourcroy 
succeeded  in  separating  this,  by  the  following  process:  The 

* Annales  ile  Cbimie,  tom.  iii.  p,  252. 
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juice  of  young  cresses  being  passed  through  a paper  filtre, 
left  the  grosser  fecula  suspended  in  it  on  the  filtre  : the  fil- 
tered liquid,  though  limpid,  was  of  a green  colour ; but 
after  exposure  to  the  air  for  two  hours,  it  became  turbid, 
and,  on  being  filtered  again,  became  limpid,  leaving  a 
quantity  of  green  fecula  on  the  filtre.  On  plunging  the 
vessel  containing  it  into  a bath  of  boiling  water,  it  became 
turbid,  and  a whitish  coagulated  matter  separated  from  it. 
Another  portion  of  the  juice,  exposed  to  the  air  for  two 
days,  deposited  similar  flocculi ; and  they  were  also  sepa- 
rated by  adding  sulphuric  acid  *. 

This  concrete  matter  was  found  by  Fourcroy  to  be  in- 
soluble in  water,  even  when  boiling  : it  gave  a green  tinge 
to  paper  coloured  with  mallow  flowers:  the  alkalis  dissolved 
it  readily : macerated  in  water,  it  exhaled  a foetid  ammo- 
niacal  odour,  and  passed  into  putrefaction  : exposed  to  a 
dry  and  warm  atmosphere,  after  having  been  pressed  be- 
tween bibulous  paper,  it  acquired  a degree  of  ductility  and 
transparency  similar  to  that  of  glue : subjected  to  distilla- 
tion, it  afforded  a large  portion  of  ammonia.  These  cha- 
racters are  equivocal,  if  regarded  as  serving  to  determine 
that  this  is  a principle  distinct  from  gluten,  and  analogous 
to  albumen.  The  most  characteristic  property  of  this  last 
substance  is  its  being  coagulated  by  heat ; and  so  far  the 
principle  contained  in  these  vegetable  juices  resembles  al- 
bumen. But  in  the  history  of  gluten  it  has  appeared,  that, 
by  the  medium  of  certain  re-agents,  of  a small  quantity, 
for  example,  of  acetous  acid,  it  may  exist  in  solution  in 
water ; and  that,  when  this  liquor  is  heated,  the  gluten 
separates  in  flakes.  Proust  has  remarked,  too,  that  the 
coagulation  of  this  matter  from  the  vegetable  juices  takes 
place  at  14-5°  of  Fahrenheit,  while  albumen  does  not  at  that 
temperature  experience  any  change : and  farther,  that 
when  the  vegetable  juice  is  largely  diluted  with  water,  as 
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with  20  parts,  the  coagulation  still  takes  place,  when  the 
temperature  is  raised;  while  animal  albumen,  equally  di- 
luted, does  not  coagulate  when  heated,  the  liquid  becom- 
ing opalescent ; and  no  flocculi  separate,  even  when  the 
liquor  is  boiled  *. 

This  vegetable  principle  is  coagulated  by  acids,  in  which 
it  resembles  albumen.  But  the  gluten  of  vegetables  is  also 
precipitated  by  some  ot  the  acids.  Alkohol  throws  it  down 
in  the  state  of  an  opaque  whitish  powder ; while  it  picci- 
pitates  animal  albumen  in  light  flocculi.  It  is  dissolved  by 
alkalis.  But  the  gluten  of  vegetables  is  also  dissolved  by 
the  alkalis. 

The  other  characters  enumerated  by  Fourcroy,  as  serv- 
ing to  connect  this  substance  with  albumen,  are  less  appro- 
priate. Insolubility  in  water,  being  liable  to  putrefaction, 
and  evolving  ammonia,  either  when  suffering  this  change, 
or  when  decomposed  by  heat,  are  characters  belonging  to 
vegetable  gluten,  as  well  as  to  animal  albumen. 

o o y # 

One  property  assigned  to  it  by  this  chemist,  which  is 
peculiar  to  albumen,  is  changing  some  of  the  vegetable  co- 
lours, as  that  of  mallows,  to  a green.  But  according  to 
Proust,  when  it  is  wrashed  it  does  not  produce  this  change, 
and  the  juices  in  which  it  is  contained  have  no  such  pro- 
perty ; some  of  them  even,  as  the  juice  oi  cabbage  or  hem- 
lock, render  litmus  red.  When  the  vegetable  principle 
does  possess  this  property,  therefore,  it  is  probably  owing 
to  the  evolution  of  ammonia.  Proust  has  pointed  out  other 
properties  in  which  this  principle  differs  from  albumen, 
such  as  that  of  being  precipitated  by  a number  of  neutral 
salts,  which  do  not  render  albumen  turbid  ; and  being 
more  liable  to  spontaneous  decomposition  than  albumen. 

One  circumstance  which  confirms  the  conclusion,  that 
this  matter  is  vegetable  gluten,  disguised  by  the  state  in 
which  it  exists,  is,  that  it  exists  in  the  w7ater  employed  in 
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preparing  the  starch  from  wheat-flour,  and  is  separated 
from  it  by  coagulation  by  heat,  as  Fourcroy  has  remarked j 
in  the  same  manner  as  from  the  expressed  juices.  It  is 
more  probable,  that  a portion  of  the  gluten  known  to  ex- 
ist in  this  flour  shall  be  in  solution,  and  be  the  substance 
separated  in  this  manner,  than  that  it  shall  be  a distinct 
principle,  especially  as  it  is  proved,  that  the  solubility  of 
gluten  is  promoted  by  the  action  of  acetic  acid,  and  that 
th  is  acid  is  contained  in  the  liquor  formed  in  the  prepara- 
tion of  starch.  Proust  has  accordingly  observed,  that  this 
matter  suffers  changes  like  gluten  : kept  in  a humid  state, 
it  forms  acetic  acid  and  ammonia,  and,  like  gluten,  acquires 
the  odour  and  taste  of  cheese  *. 

That  this  principle  should  have  the  physical  qualities  of 
gluten,  is  not  to  be  expected  ; for  if  a different  process  be 
followed  with  regard  to  the  farina  of  wheat,  than  that  u- 
sually  employed  to  extract  its  gluten, — if,  instead  of  being 
made  into  a paste  and  kneaded  with  water,  it  be  diffused 
at  once  in  a large  quantity  of  water,  the  separation  of  the 
fecula  no  longer  properly  takes  place,  and  the  gluten  is 
not  obtained.  It  then  probably  exists  in  the  water  in  the 
same  state  as  in  the  vegetable  juices. 

Some  observations  by  Link  shew,  that  vegetable  albu- 
men is  very  analogous  to  gluten  ; though  he  also  remarks, 
that  in  many  points  there  is  a considerable  resemblance  be- 
tween gluten  itself  and  animal  albumen  f. 

According  to  Proust,  this  principle  exists  in  a number 
of  plants.  It  is  found  in  the  expressed  juice  of  borrage, 
elder,  and  buckthorn : also,  in  grapes,  quinces,  apples, 
and  other  fruits ; and  in  the  acorn,  chesnut,  horse-ches- 
nut,  rice,  barley,  rye,  pease,  and  beans  of  all  kinds|.  Se- 


* Annales  du  Museum  d’JHistoire  Naturelfe,  tom.  vii.  n.  .5. 
t Annals  of  Philosophy,  vol.  vii.  p.  455. 
f Philosophical  Magazine,  vol.  xvii.  p.  51. 
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guia  has  remarked,  that  it  readers  more  susceptible  of  fer- 
mentation, the  vegetables  in  which  it  is  contained. 


Sect.  VI. — of  albumen. 

Though  the  principle  which  has  been  named  Vegetable 
Albumen,  appears,  from  the  observations  in  the  preceding 
section,  to  be  a variety  of  gluten,  there  is  reason  to  admit 
the  existence  of  a vegetable  product,  to  which  that  name 
may  with  propriety  be  applied,  as,  in  the  greater  number 
of  its  properties,  it  has  a strict  resemblance  to  animal  al- 
bumen. It  exists  in  the  juice  of  a plant,  a native  of  the 
Isle  of  France,  the  Carica  papaya,  and  has  been  made  the 
subject  of  experiment  by  Vauquelin  *,  and  by  Cadet  f. 
Of  all  the  products  of  the  vegetable  system,  it  is  the  one 
which  approaches  most  nearly  to  animal  matter ; and  it 
might  indeed  be  regarded  as  a variety  of  it,  if  its  origin 
were  not  known. 

The  juice  which  contains  this  principle  issues  from  the 
tree  white  as  milk  : in  a few  minutes  it  coagulates  ; flocculi 
of  a white  matter  separate,  and  float  in  a transparent  li- 
quid. The  juice  is  diffused  through  all  parts  of  the  tree, 
but  is  most  abundant  in  the  fruit  while  unripe. 

The  experiments  of  V auquelin  were  made  upon  this 
substance  in  three  states  : ltf,  In  the  solid  state  to  which  it 
had  been  reduced  by  exposure  to  the  sun  ; 2 dly,  In  its  na- 
tural state,  it  having  been  preserved  in  bottles  well  closed; 
and,  3 dly,  In  the  state  of  the  natural  juice,  mixed  with  su- 
gar to  preserve  it  without  alteration. 


* Annales  de  Chinrie,  tom.  xliii.  p.  267. ; tom.  xlix.  p.  295. 
i Ibid.  tom.  xlix.  p.  250. 
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1 he  juice  inspissated  by  exposure  to  the  sun,  is  of  a yel- 
lowish white  colour ; some  parts  of  it  are  of  a pure  white 
and  semi-transparent.  It  is  brittle  and  easily  reduced  to 
powder  when  it  is  dry : it  melts  easily  in  the  mouth,  im- 
pressing a singular  taste,  and  exciting  a copious  discharge 
of  saliva.  It  attracts  humidity  from  the  air,  and  changes 
into  a viscid  paste.  It  is  dissolved  by  cold  water,  and  more 
abundantly  by  warm  water;  a small  quantity  of  a white 
matter  only  being  left  undissolved,  which  has  an  unctuous 
appearance,  melts  easily,  and  diffuses  an  odour  similar  to 
that  of  empyreumaticfat.  Its  concentrated  solution  becomes 
turbid,  and  coagulates  on  ebullition;  but  the  whole  of  the 
dissolved  matter  does  not  separate,  as  a portion  is  precipi- 
tated by  other  re-agents.  Alkohol  added  in  large  quan- 
tity to  the  watery  solution  of  the  juice,  separates  it  com- 
pletely, and  without  occasioning  in  it  any  alteration.  Sul- 
phuric, nitric,  and  muriatic  acids,  coagulate  it  abundantly  ; 
and  a precipitation  is  occasioned  by  a number  of  metallic 
solutions,  as  those  of  quicksilver,  silver,  and  lead.  Expos- 
ed on  burning  fuel,  it  burns,  decrepitating  slightly,  and 
diffusing  a foetid  ammoniacal  odour,  as  animal  substances 
do.  Subjected  to  destructive  distillation,  it  gives  much 
carbonate  of  ammonia  ; a thick  black  oil,  the  greater  part 
of  which  falls  to  the  bottom  of  a brown  liquid,  which  is 
produced  at  the  same  time  ; carbonic  acid  and  carburetted 
hydiogen  gases  are  disengaged,  aud  there  remains  a char- 
coal light,  difficult  to  burn,  and  which  leaves  as  ashes,  a 
little  earthy  matter,  consisting  of  lime  and  phosphate  of 
lime.  Distilled  with  weak  nitric  acid,  it  gives  a large  quan- 
tity of  aerial  fluid,  consisting  of  carbonic  acid  and  nitrogen  : 
and  in  dissolving  in  the  acid,  it  communicates  to  it  a yel- 
low colour  and  a very  bitter  taste.  There  is  also  formed  a 
large  quantity  of  prussic  acid  and  oxalic  acid.  Lastly,  it  is 
liable  to  putrefaction : its  watery  solution  decomposes  when 
kept,  and  acquires  a foetid  odour,  as  animal  matter  does. 
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With  regard  to  the  liquid  juice,  on  opening  the  bottle 
in  which  it  was  preserved,  an  elastic  fluid  was  disengaged 
with  such  violence,  as  to  throw  part  of  the  liquid  to  a dis- 
tance : this  gas  was  ascertained,  both  by  Cadet  and  Yau- 
quelin,  to  be  carbonic  acid,  produced  no  doubt  by  the  de- 
composition of  some  principle  contained  in  the  juice.  Mass- 
es of  a white  matter  similar  to  cheese,  floated  in  the  liquor  : 
these,  in  drying,  assumed  the  semi-transparency  ol  horn ; 
the  dried  matter  softened  when  heated,  and  exhaled  a white 
vapour,  with  an  odour  similar  to  burnt  unctuous  matter . it 
dissolved  abundantly  in  warm  alkohol,  from  which  it  in 
part  separated  again  in  cooling.  1 his  matter,  evidently 
sebaceous,  appeared  to  Yauquelin  to  have  originated  in  the 
decomposition  ol  the  juice  itsed. 

The  liquid  part  contained  a principle  which  had  proper- 
ties similar  to  those  of  the  inspissated  juice,  with  a portion 
of  acetic  acid,  originating  probably  from  decomposition, 
as  there  is  no  sensible  acidity  in  the  inspissated  juice.  Its 
odour  was  foetid  and  very  disagreeable  : it  had  a taste  a- 
cid,  bitter,  and  astringent.  When  rendered  limpid  by 
filtration,  it  had  the  same  taste  and  smell.  The  acids  coa- 
gulated it  into  a mass  very  thick,  which  had  a great  resem- 
blance  to  the  white  of  an  egg,  or  to  dried  albumen.  The 
action  of  oxymuriatic  acid  was  rather  peculiar  : when  add- 
ed in  a small  quantity,  it  gave  a rose  colour ; in  a larger 
quantity  a violet ; and  in  a still  larger  quantity,  it  destroy- 
ed the  colour : and  as  these  phenomena  did  not  appear 
when  this  acid  was  added  to  the  inspissated  juice,  it  fol- 
lows, that  some  change  must  have  taken  place  during  tnc 
inspissation,  subversive  ol  the  property  ol  forming  these 
colours.  Pure  potash  formed,  when  added  to  the  filtered 
juice,  a precipitate  of  a white  colour,  and  caused  the  ex- 
halation of  a strong  ammoniacal  odour.  The  liquor,  when 
filtrated  after  this,  still  assumed  a violet  colour,  from  the 
addition  of  oxymuriatic  acid.  Alkohol  added  to  the  juice. 
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c-taporated  until  it  had  acquired  the  consistence  of  a syrup, 
produced  a very  abundant  precipitate.  The  infusion  of 
galls  formed  also  a precipitate  in  large  quantity. 

The  juice  that  had  been  preserved  with  the  addition  of 
sugar,  had  not  suffered  any  particular  change ; for  when 
the  sugar  was  separated  by  alkohol,  it  presented  the  same 
properties  as  the  concrete  natural  juice. 

Vauquelin  observes,  that  from  these  experiments  there 
can  be  no  doubt  that  the  juice  of  this  tree  is  composed 
principally  of  a matter  which  has  all  the  characters  of  ani- 
mal substances;  and  which  approaches  most  nearly  to  those 
of  albumen;  since,  when  dry,  it  dissolves  like  it  in  water : 
the  solution,  like  that  of  albumen,  is  coagulated  by  heat, 
by  acids,  alkalis,  metallic  solutions,  infusion  of  galls,  and 
alkohol ; and,  lastly,  it  affords  by  decomposition  by  heat, 
or  by  the  action  of  nitric  acid,  the  same  products  that  ani- 
mal substances  the  most  completely  characterized  do.  It 
may  therefore  properly  receive  the  name  of  Vegetable  Al- 
bumen. We  cannot,  adds  Vauquelin,  regard  without  in- 
terest a substance  produced  by  a vegetable,  presenting  all 
the  characters  of  animal  matter  ; and  we  perceive  from  this 
example,  that  nature  has  given  to  certain  species  of  plants, 
the  power  of  forming  combinations  similar  to  those  pro- 
duced in  the  animal  machine, — a fact  indeed  established, 
though  undoubtedly  in  a less  striking  manner,  by  the  pro- 
duction of  gluten  in  the  vegetable  system. 


Sect.  VII  . — OF  CAOUTCHOUC,  AND  BIRDLIME. 

Caoutchouc,  sometimes  named  improperly  Elastic  Gum. 
is  a vegetable  product,  which  in  several  physical  qualities, 
as  well  as  in  chemical  relations,  has  some  similarity  to  ve- 
getable gluten,  and  which  agrees  with  it  and  albumen,  in 
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approaching  in  composition  to  animal  mattci . It  connects 
also  the  preceding  principles  with  those  which  are  to  fol- 
low, and  I therefore  place  it  in  this  part  of  the  arrangement. 

This  substance  was  brought  from  Spanish  America,  in 
the  form  of  hollow  spheres  or  bottles,  in  which  state  it  is 
still  imported  into  Europe.  Condarnine  gave  the  inlorma- 
tion,  that  it  is  the  inspissated  juice  ol  a tree  ol  the  family 
of  Euphorbia,  which  has  received  the  botanical  name  ol 
Haevea  guianensis,  or  Haevea  caoutchouc.  Incisions  aie 
made  in  the  bark  of  this  tree,  and  a milky  juice  exudes. 
This  is  applied,  in  successive  coatings,  over  a mold  ol  clay ; 
is  dried  by  exposure  to  the  sun,  and  afterwards,  by  being 
placed  in  the  smoke  of  burning  fuel ; when  dry,  the  mold 
is  broken  and  the  fragments  are  extracted. 

It  has  since  been  discovered,  that  caoutchouc  is  furnish- 
ed by  other  plants,  either  the  same,  or  with  very  slight  va- 
riations of  properties.  It  is  obtained  in  large  quantity  from 
the  Jatropha  elastica,  a native  ol  South  America.  Dr 
Roxburgh  has  described  another  ■vegetable,  a native  of  In- 
dia,  the  Urceola  elastica,  which  affords  a juice,  which  when 
thickened  has  the  properties  of  the  American  caoutchouc; 
and  he  has  farther  observed,  that  there  are  many  trees, 
natives  of  the  torrid  zone,  that  yield  a milky  juice,  pos- 
sessing qualities  nearly  of  the  same  nature;  as  Artocarpus 
integrifolia,  Ficus  Indica,  Ficus  religiosus,  Hippomane 
biglandulosa,  &c.  * 

Fourcroy  procured  specimens  of  the  juice  of  the  caout- 
chouc in  the  state  in  which  it  exists  previous  to  its  inspis- 
sation,  from  the  island  of  Bourbon,  from  Cayenne,  and 
the  Brazils,  and  examined  its  properties.  Each  ol  these 
contained  a white  turbid  liquor,  of  an  unsupportable  foetid 
smell ; in  the  midst  of  which  was  a white  concrete  matter, 
spongy  at  its  surface,  very  elastic,  of  a soft  and  close  tex- 
ture. These  concretions  had  the  form  of  the  bottles  that 
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contained  them,  but  were  less  in  size : they  had  been  de- 
posited without  evaporation,  for  the  bottles  were  well  clos- 
ed, and  had  lost  nothing.  The  juice,  when  exposed  to 
the  air,  became  speedily  covered  with  a crust  of  elastic 
gum.  In  a vessel  filled  with  oxygen  gas,  the  liquid  afford- 
ed an  elastic  pellicle  more  speedily,  and  a sensible  absorp- 
tion of  gas  took  place.  Alkohol  separated  flakes,  and 
oxymuriatic  acid  immediately  formed  an  elastic  precipitate. 
From  these  experiments  he  concluded,  that  caoutchouc 
exists  ready  formed  in  the  juice  of  the  tree,  and  is  capable 
of  being  separated  in  the  concrete  form ; but  that  a por- 
tion also  exists  not  sufficiently  perfect  to  be  deposited  with 
its  elastic  property  ; that  it  acquires  this,  together  with  its 
inspissation,  from  the  action  of  oxygen ; and  that  by  this 
operation,  exposure  to  the  atmosphere  influences  the  con- 
cretion of  caoutchouc  in  the  usual  process  in  which  it  is 
brought  to  the  solid  form  *.  Dr  Roxburgh  has  likewise 
observed,  that  the  milky  fluid  which  oozes  from  incisions 
in  the  bark  of  the  Urceola  elastica,  separates  on  exposure 
to  the  air  into  a firm  elastic  coagulum,  and  a watery  li- 
quid ; the  coagulum  becoming  of  a darker  colour  from  the 
action  of  the  air,  and  being  no  longer  soluble  in  the  liquid, 
though  before  intimately  blended  with  it.  The  purest 
caoutchouc  Fourcroy  supposes  to  be  that  which  separates 
spontaneously  from  the  juice  in  close  vessels.  It  is  white, 
or  of  a light  fawn  colour ; and  masses  of  it  are  sometimes 
met  with  in  commerce  nearly  white. 

The  properties  of  caoutchouc  have  been  determined 
principally  from  the  state  in  which  it  exists  in  the  elastic 
bottles  imported  into  Europe.  Its  colour  is  light  brown ; 
its  external  surface  is  smooth  : its  internal  texture  is  roimh, 
and  presents  a fibrous  appearance.  Its  specific  gravity  is 


Annales  de  Chimie,  tom.  xi.  p.  223- 
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nearly  the  same  with  water,  being  from  9.3335,  to  10.000. 
It  is  inodorous,  and  is  destitute  ol  taste. 

The  physical  property  which  eminently  distinguishes  it, 
is  its  high  elasticity.  It  can  be  stretched  to  a great  length, 
and  when  the  force  applied  to  it  is  withdrawn,  it  returns 
to  its  former  dimensions.  Its  pliancy  is  increased  by  heat, 
while  it  is  rendered  more  rigid  by  cold  ; and  its  softness, 
which  is  connected  with  the  former  quality,  is  so  much  in- 
creased by  warmth,  that  it  can  be  moulded  into  any  form, 
and  two  parts  newly  cut  may  be  pressed  together,  so  as  to 
be  united.  Mr  Gough  has  remarked,  that  if  caoutchouc 
be  stretched,  it  does  not  easily  recover  its  dimensions,  ii 
the  temperature  be  diminished,  but  its  elasticity  is  restored 
by  moderate  warmth  *. 

Caoutchouc,  exposed  to  heat,  softens,  swells,  and  emits 
a foetid  odour  similar  to  that  of  animal  substances : as  the 
heat  is  increased,  it  melts  into  a viscid  matter,  and  remains 
in  this  state  when  cold.  If  heated  sufficiently  high,  it 
takes  fire,  and  burns  with  a vivid  light,  and  dense  smoke. 

This  substance  is  insoluble  in  water  : it  is  softened  when 
immersed  in  warm  water;  and  in  this  state  the  fresh  sur- 
faces of  two  slips  of  it  may  be  made  by  pressure  to  adhere 
together,  an  effect  depending  rather  on  the  temperature, 
than  on  the  agency  of  the  water.  Even  when  the  water 
is  boiled  on  it  for  a long  time,  it  preserves  its  softness  and 
elasticity,  and  suffers  no  apparent  change. 

It  is  also  insoluble  in  alkohol : by  boiling  the  alkohol 
upon  it,  it  is  deprived  only  of  the  carbonaceous  matter 
which  is  interposed  between  each  layer  of  it,  as  usually 
prepared  : it  is  therefore  by  this  operation  rendered  colour- 
less, and  the  layers  become  more  apparent. 

Ether  dissolves  it.  Macquer  observed,  that  highly  rec- 
tified sulphuric  ether  dissolves  it  readily  ; and  by  evapora- 
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lion,  the  caoutchouc  may  be  recovered  unchanged.  Ber- 
nard, on  the  contrary,  found  caoutchouc  insoluble  in  sul- 
phuric ether, — a difference  of  result,  explained  by  a fact 
discovered  by  Cavallo,  that  ether  is  a proper  solvent  of  this 
substance,  only  when  it  has  been  previously  agitated  with 
water ; by  which  the  small  portions  of  alkohol  and  sulphu- 
rous acid  which  it  often  contains  are  removed.  Pelletier 
has  observed,  that  if  caoutchouc  be  previously  boiled  in 
water,  until  it  is  swelled  and  softened,  it  is  easily  dissolv- 
ed by  the  ether,  and  a very  saturated  solution  is  obtain- 
ed *.  Berniard,  in  the  experiments  which  he  published 
with  regard  to  this  substance  f,  states,  that  it  is  dissolved 
speedily  in  nitric  ether,  the  liquid  acquiring  a fine  yellow 
colour,  even  in  the  cold  ; and  when  heat  was  applied,  the 
whole  nearly  of  the  caoutchouc  was  dissolved  : but  this  can 
scarcely  be  considered  as  a proper  solution,  as  it  is  rather 
owing  to  the  decomposition  of  the  caoutchouc,  by  the  ac- 
tion of  the  nitric  acid  contained  in  the  nitric  ether ; and 
he  accordingly  found,  that  when  the  solution  was  evapo- 
rated slowly,  a substance  was  obtained  of  a yellow  colour, 
transparent,  friable,  and  soluble  in  alkohol,  having  there- 
fore the  characters  of  a resin,  and  which  was  not  elastic. 

Macquer  found,  that  the  volatile  oils  dissolve  caoutchouc 
by  the  assistance  of  heat : these  solutions  are  viscid,  and 
when  inspissated  remain  clammy.  It  is  likewise  dissolved 
by  the  fixed  oils  w'hen  they  are  boiled  on  it,  and  also  by 
melted  wax. 

The  alkalis,  according  to  Berniavd’s  experiments,  do  not 
dissolve  caoutchouc  in  the  cold  : when  macerated  for  six 
days  in  soapmaker’s  ley,  it  was  not  sensibly  altered;  but 
on  boiling  for  hall  an  hour,  it  was  corroded. 

I lie  acids  act  upon  it,  and  decompose  it.  In  Berniard’s 
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experiment,  sulphuric  acid  did  not  act  immediately  oil 
caoutchouc  immersed  in  it,  but  at  the  end  of  fifteen  days 
the  acid  was  coloured : it  became  black,  and  each  frag- 
ment had  the  appearance  of  a piece  of  charcoal.  Weak 
nitrous  acid,  digested  in  the  cold  on  caoutchouc,  produced 
in  six  days  no  sensible  change,  but  at  length  corroded  and 
hardened  it,  rendering  it  yellow : the  strong  fuming  acid 
decomposed  it  quickly.  Muriatic  acid,  either  in  the  cold 
or  with  the  assistance  of  heat,  did  not  sensibly  alter  it : and 
even  at  the  end  of  two  months,  the  caoutchouc  had  pre- 
served its  colour,  elasticity,  and  weight.  Acetic  acid,  in 
the  state  of  distilled  vinegar,  had  no  effect  upon  it  *. 

Caoutchouc,  decomposed  by  heat  in  close  vessels,  af- 
forded, in  an  experiment  by  Berniard,  a watery  liquid, 
and  an  empyreumatic  oil,  with  ammonia  : the  elastic  pro- 
ducts he  did  not  collect : there  remained  a quantity  of  char- 
coal. In  this  analysis,  imperfect  as  it  is,  we  perceive  the 
approximation  of  this  substance  in  composition  to  vege- 
table gluten.  Fourcroy  found  too,  that  caoutchouc  treat- 
ed by  nitric  acid  afforded  nitrogen  gas,  with  carbonic, 
prussic,  and  oxalic  acids  f. 

This  substance  is  applied  to  important  purposes,  from 
its  softness  and  flexibility,  its  elasticity,  its  indestructibility, 
and  not  being  affected  by  air,  water,  or  the  greater  num- 
ber of  chemical  agents.  Tubes  for  conveying  gases,  and 
other  chemical  instruments,  are  prepared  from  it:  and  bou- 
gies, catheters,  and  similar  surgical  instruments  of  caout- 
chouc, are  preferable  to  what  can  be  prepared  from  any 
other  substance.  The  difficulty  in  applying  it  to  these  uses, 
and  which  renders  instruments  prepared  from  it  of  a high 
price,  is  that  of  finding  a solvent  which  can  dissolve  it, 
without  alteration,  so  that  by  inspissation,  it  can  be  ob- 
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tained  with  its  properties  unimpaired.  The  subject  has 
engaged  the  attention  of  chemists,  and  different  methods 
are  at  present  employed. 

Macquer  having  discovered  the  solubility  of  caoutchouc 
in  ether,  supposed  that  advantage  might  be  taken  of  this, 
to  apply  it  to  these  purposes ; the  concentrated  solution  be- 
ing  applied  on  a mould  in  layers,  each  layer  being  allowed 
to  dry  before  another  was  laid  over  it.  This  method  is  too 
tedious  and  expensive  to  admit  of  being  used. 

I he  solutions  oi  it  in  oils  can  scarcely  be  employed,  as 
the  inspissated  caoutchouc  remains  clammy.  Dr  Rox- 
burgh found,  however,  that  the  solution  of  it  in  what  is 
named  Cajeput  oil,  dried  without  any  remaining  clammi- 
ness ; so  that  “ a piece  of  catgut,  covered  with  the  half  in- 
spissated solution,  and  rolled  between  two  smooth  surfaces, 
acquired  a polish  and  consistence  proper  for  bougies 
Grossait  proposed  a method  in  which  the  caoutchouc  is 
not  dissolved,  but  softened  so  far  that  it  adheres  f.  A 
bottle  of  it  is  cut  into  a thin  slip,  and  this  is  macerated  in 
sulphuric  ether  until  it  is  softened.  It  is  then  removed, 
and  rolled  spirally  round  a mould,  pressing  with  the  hand 
the  sides  of  it  closely  together,  and  compressing  the  whole 
by  a slip  of  tape  and  thread.  A hollow  tube  is  thus  form- 
ed on  the  mould,  and  if  this  is  made  a little  conical,  it  is 
easily  withdrawn  : or  the  removal  is  facilitated  by  plunging 
the  whole  in  warm  water,  which  softens  and  expands  the 
caoutchouc.  To  lessen  the  expence,  Grossart  employed  oil 
of  lavender,  or  oil  of  turpentine,  instead  of  ether,  and  found 
that  either  of  them  answered  sufficiently  well ; a longer 
time  only  being  requisite  to  have  the  tubes  dry  and  firm. 
And  in  prosecuting  these  researches,  he  found  that  the 
same  purpose  was  attained  by  warm  water;  vvhich,  pro- 
ceeding in  the  same  method  as  with  the  ether,  softened  the 

~~  ■ ■ 
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slip  of'  caoutchouc  so  completely,  that  its  sides  formed  a 
perfect  adhesion.  The  following  directions  have  been 
oiven  for  the  management  of  the  process,  the  heat  being 
best  applied  by  the  medium  of  boiling  water : “ Split  a 
stick  of  cane,  and  then  apply  together  again  the  split  pieces, 
Put  with  a slip  of  whalebone  interposed  between  them. 
Cut  the  elastic  gum  into  slips  fit  for  twisting  over  the  pre- 
pared cane,  so  as  to  cover  it ; then,  by  duly  heating  the 
surface  of  the  cane  covered  with  the  caoutchouc,  it  will 
melt  so  as  to  form  one  piece.  When  cold,  draw  out  the 
interposed  whalebone  from  between  the  split  cane;  by 
which  means,  without  difficulty,  the  whole  substance  of  the 
cane  may  then  be  readily  withdrawn  from  under  the  cover- 
ing, thus  leaving  the  tube  formed  as  desired  The  sur- 
faces to  be  joined  should  not  be  touched  by  the  fingers. 

The  solution  of  caoutchouc  in  some  of  the  oils,  has  been 
used  as  a varnish,  to  render  flexible  substances,  as  silk,  &c. 
impermeable  to  water  or  air.  It  has  the  advantage  ol  being 
flexible,  but  it  is  long  before  it  dries,  and  it  is  liable  to  be 
softened  by  a very  moderate  heat.  1 o render  it  less  viscid, 
it  is  generally  prepared  from  a mixture  of  volatile  and  ex- 
pressed oil. 


The  vegetable  product  known  by  the  name  of  Bird- 
lime, has  a resemblance  to  caoutchouc,  being  like  it  pos- 
sessed of  tenacity  and  elasticity,  and  having  nearly  the  same 
chemical  properties ; so  much  so,  that  they  may  perhaps 
be  regarded  as  varieties  of  the  same  principle. 

Birdlime  appears  to  be  a natural  production,  and  exudes 
spontaneously  from  certain  vegetables,  forming  a viscid 
matter,  which  collects  on  their  leaves  or  stems.  It  is  se- 
creted in  considerable  quantity  by  the  Robina  viscosa.  It 
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is,  however,  generally  extracted  by  an  artificial  process, 
which  is,  in  some  measure,  kept  secret.  The  following  ac- 
count ot  it  is  given  by  Geoffroy  : “ The  inner  bark  of  the 
holly  is  boiled  in  water  seven  or  eight  hours,  till  it  become 
soft  and  tender.  This  is  laid  in  masses  in  the  earth,  and 
covered  with  stones,  placing  one  layer  over  another,  the 
water  having  been  previously  drained  from  the  bark.  In 
this  state  it  is  left  to  ferment,  during  a fortnight  or  three 
weeks,  in  which  time  it  changes  to  a kind  of  mucilage.  It 
is  then  taken  from  the  pit,  pounded  in  mortars  till  reduced 
to  a paste,  washed  in  river  water,  and  kneaded  till  freed 
from  all  extraneous  matters.  The  paste  is  left  in  earthen 
vessels  during  four  or  five  days,  to  ferment  and  purify  it- 
self. It  is  afterwards  put  into  proper  vessels,  and  thus  be- 
comes an  article  of  commerce  *.”  A similar  substance  is 
prepared  from  other  vegetables ; as  from  the  wild  vine,  and 
the  different  species  of  misletoe  : and,  as  remarked  by  La- 
grange, the  birdlime  of  commerce  is  often  a composition  of 
the  above  preparation  with  oil,  turpentine,  and  other  vis- 
cid substances.  To  obtain  it  pure,  he  prepared  it  from  the 
inner  bark  ot  the  holly,  by  a process  nearly  the  same  as 
chat  desciibed  by  Geoffroy,  and  it  is  from  his  memoir  -f 
that  the  following  account  of  its  properties  is  principally 
taken. 

It  is  of  a greenish  colour,  and  has  a flavour  somewhat 
acescent : its  smell  is  similar  to  that  of  linseed  oil : it  is  ex- 
tiemely  viscid  and  tenacious;  and  when  the  hands  are  wet, 
so  that  it  can  be  handled,  it  can  be  stretched  out  to  a great 
length,  and  on  withdrawing  the  stretching  force,  it  gra- 
dually returns  to  its  former  dimensions.  When  stretched, 
its  texture  appears  distinctly  fibrous. 

Spread  on  a glass  plate,  and  exposed  to  the  action  of  air 
and  light,  it  dries  slowly,  becomes  brown,  and  loses  its 


* Nicholson’s  Journal,  vol.  xiii.  p.  14a. 
t T bid.  vol.  xiii.  p.  144. 
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viscosity,  so  that,  when  quite  dry,  it  can  be  reduced  to 
powder  ; but  it  recovers  it  on  the  addition  of  water. 

It  reddens  the  infusion  of  litmus,  from  the  presence  of 
a little  acetic  acid,  probably  foreign  to  its  composition. 

When  heated  gently  in  a porcelain  vessel,  it  melts, 
though  without  becoming  very  liquid : it  acquires  a brown 
colour  ; but  on  cooling,  it  recovers  its  characters.  Placed 
on  burning  fuel,  it  burns  with  a bright  flame,  and  the  e- 
mission  of  much  smoke ; and  it  equally  takes  fire  and  burns 
when  raised  to  a red  heat  in  a crucible : a whitish  lesi- 
duum  is  obtained,  which  is  very  alkaline,  and  which  also 
contains  sulphate  and  muriate  of  potash,  and  carbonates 
of  lime  and  alumina,  with  a small  portion  of  iron. 

Water  has  little  action  on  birdlime.  On  boiling  it  in 
water,  it  does  not  dissolve,  but  acquires  rather  more  fluidi- 
ty, which  it  loses,  however,  on  cooling ; and  the  water  re- 
ceives merely  a slight  impregnation  of  acid  and  mucilage. 

The  action  of  the  alkalis  on  it  is  energetic.  Potash  forms 
with  it  a whitish  magma,  ammonia  being  evolved.  This 
matter  is  less  viscid  than  birdlime : it  hardens  from  expo- 
sure to  the  air,  and  its  taste  and  smell  are  similai  to  those 
of  soap  : it  is  almost  entirely  soluble  in  water  and  in  al- 
koliol  as  soap  is,  and  is  decomposed  by  the  acids. 

The  acids  when  diluted,  soften  and  partly  dissolve  bird- 
lime; when  concentrated,  they  decompose  it.  Sulphu- 
ric acid  blackens  it,  evolves  charcoal,  and  causes  a for- 
mation of  acetic  acid  and  ammonia.  Nitric  acid  in  the  cold 
has  little  effect  on  it ; but,  on  applying  heat,  the  mixture 
becomes  yellow,  the  birdlime  dissolves,  and  as  the  evapora- 
tion advances,  swells,  leaving  a hard  brittle  resinous  mass. 
This,  by  being  again  subjected  to  the  action  of  nitric  acid, 
is  converted  into  oxalic  and  malic  acids.  Muriatic  acid  in 
The  cold  has  no  action  on  birdlime : when  heated  on  it,  it 
turns  it  black.  Oxymuriatic  acid  produces  on  it  important 
changes,  either  by  shaking  the  gas  writh  the  water  contain- 
ing birdlime,  or  by  stirring  it  with  the  acid  in  a concen- 
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trated  state : the  birdlime  loses  its  colour,  and  becomes 
white:  it  is  no  longer  viscid,  but  in  hard  masses;  and  it 
is  also  no  longer  fusible.  Acetous  acid  softens  it,  and  dis- 
solves a quantity,  the  liquor  acquiring  a yellow  colour. 

A number  of  the  metallic  oxides  are  reduced  when  heat- 
ed with  birdlime.  Oxide  of  lead  forms  with  it  a compound 
of  the  consistence  of  plaster. 

Alkohol,  when  boiling,  dissolves  birdlime : the  solution, 
while  hot,  is  transparent,  but  becomes  turbid  as  it  cools ; 
and  a yellow  matter  may  be  separated  by  filtration,  which 
is  softer  than  the  original  mass,  melts  in  a moderate  heat, 
and  diffuses  an  odour  similar  to  that  of  wax.  The  filtered 
liquor  is  bitter,  nauseous,  and  acid  ; affording  a precipitate 
on  the  addition  of  water,  and  leaving,  on  evaporation,  a 
substance  similar  to  resin. 

Sulphuric  ether  is  the  proper  solvent  of  birdlime : it 
dissolves  it  rapidly,  and  nearly  entirely,  leaving  only  im- 
purities. The  solution  is  of  a greenish  yellow  colour,  and 
reddens  infusion  of  litmus.  On  adding  water  to  it,  the 
mixture  thickens,  and  the  ether  swims  on  the  top : if  a suf- 
ficient quantity  of  water  is  added  to  dissolve  the  ether,  a 
quantity  of  oil  is  formed  on  the  surface,  having  an  analogy 
to  that  of  linseed.  By  evaporating  the  solution  of  bird- 
lime in  ether,  a greasy  substance  is  obtained,  of  a yellow 
colour,  and  of  the  consistence  of  wax. 

Some  chemists  have  supposed  birdlime  analogous  to  glu- 
ten ; and  there  are  certain  points  of  resemblance  between 
them.  It  differs  from  it,  however,  as  Lagrange  has  re- 
marked, in  being  less  animalized ; hence  it  is  not  liable  to 
putrefaction,  but  can  be  preserved  in  water  without  any 
sensible  change  : it  differs  also  in  the  great  quantity  of  re- 
sinous matter  that  may  be  formed  from  it  by  nitric  acid, 
and  in  its  solubility  in  ether. 

It  is  more  analogous  to  caoutchouc,  with  which,  how- 
ever, it  has  not  been  usually  connected.  Like  it,  it  is  pos- 
sessed of  great  tenacity  and  elasticity ; is  fusible,  inflam- 
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mable,  affording  mucli  smoke  at  its  combustion  . it  is  in*" 
soluble  in  water,  soluble  in  ether;  and  suffers  changes 
gQjyjgyyJ^at  similar  Irom  the  acids,  and  even  fiom  the  alkalis* 
It  differs  from  caoutchouc,  in  being  more  easily  acted  on 
by  these  agents,  in  being  soluble  in  alkohol,  and  in  appear- 
ing to  suffer  rather  more  change  in  its  constitution  from 
these  combinations.  But  these  differences  are  not  very 
considerable,  and  perhaps  not  greater  than  what  may  oc- 
cur in  varieties  of  the  same  species. 

This  conclusion  receives  confirmation  from  an  observa- 
tion made  by  Dr  Roxburgh.  The  caoutchouc  of  the  Fi- 
cus religiosus,  the  Fictis  lndica,  and  the  Artocarpus  integri- 
folia,  he  found  to  be  less  elastic  than  that  from  the  Haevea 
or  the  Urceola,  but  more  viscid;  while,  in  inflammability, 
and  in  their  relations  to  the  acids  and  other  chemical  a- 
gents,  they  are  nearly  the  same.  This  fact,  by  proving 
that  there  are  varieties  of  caoutchouc,  not  uniform  in  their 
properties,  some  of  which  appear  to  approach  to  birdlime, 
is  sufficient,  perhaps,  to  connect  it  with  the  species. 


Sect.  VIII. — of  wax. 

This  substance,  though  apparently  formed  by  the  Bee, 
is  a product  of  vegetation  ; it  forms  a kind  of  varnish  on 
the  leaves  and  stems  of  certain  vegetables,  or  is  mixed  with 
their  juices.  Even  that  which  is  applied  by  the  bee  to  the 
formation  of  its  cell,  has  been  supposed  to  be  collected  by 
that  insect  from  flowers,  and,  in  particular,  from  the  pol- 
len, or  fine  dust  of  the  antherae,  which  undergoes  a slight 
elaboration  in  the  body  of  the  animal,  so  as  to  acquire 
that  tenacity  which  fits  it  to  the  use  to  which  it  is  applied. 
This  opinion,  however,  as  to  the  origin  of  becs-wax,  has 
been  refuted  by  the  experiments  of  Huber.  He  has  shewn, 
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that  bees  form  wax  when  they  arc  denied  all  supply  of  the 
pollen  of  flowers,  when  they  were  confined  to  the  hive,  and 
supplied  only  with  honey,  or  with  sugar ; and  to  obviate 
all  fallacy,  the  comb  previously  formed  was  removed  from 
the  hive,  and  the  bees  were  confined  for  such  a period,  as 
that  no  quantity  of  pollen,  which  they  could  have  been 
supposed  to  have  collected  previous  to  their  confinement, 
could  have  furnished  the  wax  they  formed.  The  honey  or 
the  sugar,  too,  always  disappeared  as  the  wax  was  formed  ; 
and,  on  the  other  hand,  bees  confined,  and  supplied  only 
with  fruits  and  the  pollen  of  flowers,  formed  no  wax. 
These  facts  appear  to  prove,  that  the  pollen  of  plants  is 
not  the  source  of  the  wax  which  bees  produce,  but  that  it 
is  formed  from  their  saccharine  food  *. 

Still  wax  is  a vegetable  product ; and  there  are  plants 
which  afford  it  in  nearly  a pure  state.  Such  is  the  plant 
named  Myrica  cerifera,  or  wax-tree,  a native  of  Louisiana. 
Its  seeds  are  encrusted  with  a white  rough  amylaceous  like 
substance,  which,  when  rubbed  between  the  fingers,  feels 
unctuous.  When  they  are  boiled  in  water,  it  is  melted, 
and  swims  on  the  surface.  This  substance  has  been  exa- 
mined by  Dr  Bostock  f and  Mr  Cadet  f,  and  appears,  from 
their  experiments,  to  have  nearly  all  the  properties  of  bees- 
wax. Cadet  has  observed,  that  there  are  other  species  of 
myrica  which  afford  a similar  product ; and  that  other 
plants,  as  the  Croton  sebiferum,  the  Tomex  sebifera,  the 
poplar,  the  alder,  and  the  pine,  yield  by  decoction  an  in- 
flammable matter  resembling  wax.  Besides  these,  a num- 
ber of  vegetables,  natives  of  the  torrid  zone,  yield  varie- 
ties of  wax  in  considerable  quantity ; and,  according  to 
Proust,  the  substance  which  forms  the  silvery  like  down 
on  the  leaves,  flowers,  and  fruit  of  many  plants,  is  an  ana- 
logous product.  It  exists  also,  he  affirms,  in  the  fecula  of 


* Nicholson’s  Journal,  vol.  ix.  p.  182. 
t Ibid.  8vo,  vol.  iv.  p.  129.  J Ibid.  p.  1S7. 
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certain  plants,  as  in  that  of  the  house  leek,  or  the  green 
cabbage  *. 

Wax,  taking  the  variety  prepared  by  the  bee  as  that 
best  known,  is  a solid  substance,  brittle  at  a low  tempera- 
ture, but  acquiring  tenacity  when  slightly  heated.  It  is 
tasteless,  and  nearly  inodorous.  Its  colour  is  yellow  ; but 
this  arises  from  the  presence  of  some  foreign  matter,  as  it 
can  be  deprived  of  it,  and  be  rendered  white,  without  any 
change  of  its  properties.  The  bleaching  of  wax,  as  this 
process  is  named,  is  performed  by  melting  and  running  it 
into  thin  plates,  which  are  exposed  to  the  air,  dew,  and 
sun,  until  the  colour  is  discharged. 

Wax  melts  at  a temperature  of  142°  of  Fahrenheit  f ; 
and  in  cooling,  passes  through  an  intermediate  state  of  soft- 
ness to  perfect  solidity.  It  is  incapable  of  being  volatilized 
without  change.  It  affords  an  elastic  fluid  when  heated 
to  ignition,  consisting  of  its  elements  in  a state  of  new 
combination ; and  this,  when  the  air  is  admitted,  burns 
with  a clear  and  white  flame.  Hence  the  use  to  which 
wax  is  applied  in  affording  artificial  light.  The  products 
of  its  combustion  are  water  and  carbonic  acid.  When 
decomposed  in  close  vessels,  the  products  are  a thick  and 
empyreumatic  oil  in  large  quantity,  a portion  of  water  sen- 
sibly acid,  carburetted  hydrogen  gas,  analogous  to  olefiant 
gas,  and  a small  portion  of  charcoal. 

Wax  is  insoluble  in  water,  and  equally  so  in  alkohol,  at 
a low  temperature.  Dr  Pearson  found,  however,  that  al- 
kohol, by  digestion  on  it  at  a temperature  of  14-0°,  dis- 
solved it ; and  Dr  Bostock  found,  that  when  alkohol  is 
boiled  on  wax,  it  dissolves  about  a twentieth  of  its  weight, 
the  greater  part  of  which  is  deposited  as  the  solution  cools. 
It  is  also  dissolved  by  boiling  ether,  and  the  greater  part 
dissolved  by  this  fluid,  is  deposited  as  the  temperature  falls. 


* Nicholson’s  Journal,  vol.  v.  p.  26. 
t Ibid.  4to,  vol.  i.  p.  70.  &c.  8vo,  vol.  xvi.  p.  105. 
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’I  he  action  of  the  alkalis  on  wax  is  similar  to  that  on 
the  expressed  oils,  the  combination  taking  place,  how- 
ever, more  slowly,  and  only  when  the  solution  is  boil- 
ed on  the  wax.  Dr  Bostock  found,  that  a soap  is  thus 
formed,  which  is  sparingly  soluble  in  cold  water,  and 
which  separates  in  flocculi  as  the  liquid  cools ; in  this  the 
wax  has  lost  its  fusibility  and  inflammability ; the  com- 
pound is  decomposed  by  the  acids,  the  wax  re-appearing 
with  nearly  its  original  properties.  A compound  of  this 
kind  with  bees- wax  forms  the  Punic  wax  of  the  ancients, 
which  has  been  used  as  the  basis  of  colours,  and  in  encaus- 
tic painting.  It  consists  of  about  one  part  of  soda,  with 
20  of  wax.  Ammonia  boiled  on  wax  forms  a white  sapo- 
naceous compound,  soluble  in  warm,  but  sparingly  soluble 
in  cold  water.  On  vegetable  wax,  its  action  is  more  ener- 
getic than  on  bees-wax. 

The  acids  act  on  wax  with  little  force.  Sulphuric  acid, 
when  its  action  is  promoted  by  heat,  is  blackened  by  it, 
and  at  length  dissolves  it,  forming  a thick  dark-coloured 
mass.  According  to  the  experiments  of  Beckman,  wax 
boiled  in  diluted  nitric  acid  is  whitened  and  hardened. 
Oxymuriatic  acid  lias  been  proposed  to  be  used  in  bleach- 
ing it.  Muriatic  acid  has  little  action  on  it. 

It  is  dissolved  readily  by  the  fixed  oils,  when  a mode- 
rate heat  is  applied,  and  forms  a compound  of  an  interme- 
diate consistence,  according  to  the  proportions.  Such  com- 
positions form  ointments  and  cerates  in  pharmacy.  It  is 
dissolved  by  the  volatile  oils,  with  the  assistance  of  heat. 

From  the  properties  now  enumerated,  it  is  evident  that 
wax  approaches  nearly  to  the  fixed  oils.  The  principal 
difference  is  in  its  firmer  consistence,  and  in  its  relation 
to  some  of  the  chemical  agents,  particularly  to  the  alkalis, 
from  the  products  of  its  combustion,  Lavoisier  inferred, 
that  it  consists  of  82.26  of  carbon,  and  17-72  of  hydrogen, 
file  products  ol  its  decomposition  by  heat,  shew  that  it 
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also  contains  oxygen.  According  to  its  analysis  by  Gay- 
Lussac  and  Thenard,  its  composition  is  carbon  81. 784, 
oxygen  5.544,  hydrogen  12.6/2. 

The  other  varieties  of  wax  have  nearly  the  same  proper- 
ties. The  wax  of  the  Myrica  cerifera,  is  somewhat  diffe- 
rent in  colour  and  smell  from  bees-wax  ; it  is  rather  more 
fusible,  melting  at  109 ; it  is  somewhat  more  soluble  in 
alkohol  and  ether ; and  forms  also  a more  soapy  com- 
pound with  the  alkalis.  Mr  Brande  submitted  to  chemi- 
cal examination  another  variety  of  vegetable  wax,  brought 
from  Brazil  *.  Its  colour  is  greenish ; its  smell  agree- 
able ; it  melts  at  206  ; it  is  soluble  in  small  quantity  in 
boiling  alkohol,  and  ether.  It  is  not  acted  on  by  alkaline 
solutions,  even  when  a boiling  heat  is  applied  ; a property 
in  which  it  differs  remarkably  from  the  other  varieties. 
The  acids  act  on  it  in  a similar  manner  ; and  the  results 
of  its  decomposition  by  heat  are  very  similar  to  those  of 
bees-wax. 

The  substance  described  by  Dr  Pearson  under  the  name 
of  White  Lac,  from  India,  appears  similar  to  vegetable 
wax  f.  A similar  product  is  obtained  from  common  lac, 
in  which  it  exists  combined  with  resin,  colouring  matter, 
and  a little  gluten  ; and  is  extracted  by  boiling  in  nitric 
acid,  which  dissolves  the  other  principles,  leaving  the  wax 
undissolved.  And  although  this  is  an  animal  production, 
beino-  the  nidus  of  the  Coccus  or  Chernies  lacca,  yet,  as 
Mr  Hatchet  has  remarked,  it  possesses  few  of  the  charac- 
ters of  animal  substances  ; and  its  properties,  as  well  as  its 
component  ingredients,  are  such  as  belong  to  vegetable 
bodies 


* Philosophical  Transactions,  1811. 
t Ibid.  1794.  X Ibid.  1804. 
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Sect.  IX. — of  fixed  oil. 

The  name  of  Oil  is  given  to  two  vegetable  proximate 
principles,  which  agree  in  the  possession  of  unctuosity  and 
a number  of  properties,  but  which  likewise  differ  so  far, 
that  they  must  be  regarded  as  essentially  distinct.  One  of 
these  species  of  oil  is  volatile  at  a high  temperature ; the 
other  cannot  be  volatilized  without  decomposition  ; hence 
they  may  be  distinguished  by  the  epithets  Volatile  and 
Fixed.  The  volatile  have  been  named  Essential  Oils, — 
the  fixed,  Expressed  Oils,  as  it  is  by  the  process  of  ex- 
pression that  they  are  usually  obtained.  The  chemical  his- 
tory of  Expressed  Oil  is  the  subject  of  this  section. 

These  oils  are  contained  generally  in  the  seeds  and  fruit 
of  vegetables,  and  are  found  in  largest  quantity  at  or  near 
to  the  period  ot  maturity.  They  are  extracted  by  expres- 
sion; the  fruit,  or  the  seeds  bruised,  being  subjected  to 
pressure  in  a hempen  bag  inclosed  in  a press,  and  any  fo- 
reign matter  forced  out  with  the  oil  being  allowed  to  sub- 
side. In  this  way  are  prepared  the  oils  from  the  fruit  of 
the  olive,  and  the  seeds  of  the  almond.  The  process  is  fa- 
cilitated by  the  application  of  heat,  or  by  previously  roast- 
ing the  seeds  gently,  especially  with  regard  to  those  seeds 
which  contain  much  mucilage : but  from  this  the  oil  ac- 
quires acrimony  and  empyreuma  ; and  is  even  so  far  chang- 
ed in  its  qualities,  as  to  be  less  liable  to  congeal,  and  more 
disposed  to  become  dry  or  solid  when  exposed  to  the  air. 
Oils  prepared  in  this  manner  are  hence  named  Drying 
Oils;  and  from  these  changes,  the  process  is  applied  only 
to  the  extraction  of  the  coarser  oils,  as  those  of  linseed  or 
rapeseed,  or  to  oils  required  for  particular  purposes.  Some- 
times fixed  oil  is  extracted  by  decoction,  the  seeds  being 
bruised,  and  boiled  in  water,  the  oil  separating,  and  swim- 
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ming  on  the  surface.  In  this  way  is  prepared  what  is  nam- 
ed Castor  Oil,  from  the  seeds  of  the  Ricinus  communis. 

The  oil  which  is  extracted  by  either  process  has  often 
an  impregnation  of  foreign  matter,  whence  it  derives  taste, 
flavour,  and,  in  some  cases,  more  active  qualities.  The 
oils  of  olives  and  of  almonds  are  the  purest,  and  appear 
to  be  free  from  any  foreign  impregnation.  Oils  less  pure, 
but  in  larger  quantity,  are  procured  from  linseed,  hemp- 
seed,  rapeseed,  the  nuts  of  the  beech  mast,  and  from  the 
seeds  of  a number  of  other  plants. 

Fixed  oils  are  fluid  at  moderate  natural  temperatures : by 
no  great  cold  they  are  congealed,  some  ol  them  even  at  a 
temperature  not  so  low  as  the  freezing  point  of  water  ; and 
there  are  others,  as  the  oil  of  the  cocoa  nut,  of  the  lauiel 
berry,  or  of  the  nutmeg,  which  are  always  concrete,  whence 
they  have  obtained  the  name  of  'S  egetable  Butters.  *1  hesc 
peculiarities  were  considered  as  properties  depending  on 
the  oil  itself;  but  according  to  a view  advanced  by  Bra- 
connot,  to  be  more  fully  stated  under  the  history  of  ani- 
mal fat,  expressed  oil,  in  common  with  all  fatty  substances, 
is  not  homogeneous,  but  composed  of  two  principles,  a fluid 
oil  and  a concrete  substance,  what  he  names  pure  fat  or 
suet,  somewhat  analogous  to  spermaceti ; and  accoiding 
to  the  proportions  of  these,  the  degree  of  consistence  and 
fusibility  will  be  various.  They  are  separated  by  exposing 
the  oil  to  a degree  of  cold  sufficient  to  congeal  it,  and 
pressing  the  mass  between  folds  of  spongy  paper.  The 
fluid  oil  is  imbibed,  while  the  concrete  fatty  matter  re- 
mains at  length  dry.  Olive  oil  he  thus  found  to  consist 
of  72  of  fluid  oil,  and  28  of  solid  fat:  almond  oil  of  76 
of  the  former,  and  24  of  the  latter.  This  fluid  oil  does 
not  congeal,  but  at  much  lower  degrees  of  cold ; and  it  is 
not  liable  to  become  rancid  *.  A similar  view  had  been 
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before  given  by  Chevreul,  with  regard  to  animal  fats  ; from 
which  he  had  separated  these  two  principles  by  the  agency 
of  alkohol,  and  by  the  action  of  an  alkali,  in  the  process 
of  saponification.  And  he  had  observed,  that  in  olive  oil 
two  different  principles  exist,  and  may  be  separated  by 
congelation  and  absorption  by  bibulous  paper.  He  has 
distinguished  these  principles  by  the  names  of  Elaine  and 
Stearine  *.  Their  history  falls  to  be  considered  under 
that  of  animal  fat,  with  which  they  are  more  particularly 
associated. 

Fixed  oils  are  somewhat  thick  and  viscid  ; when  pure, 
they  are  transparent : they  are  colourless,  or  of  a yellow 
or  greenish  tinge : they  are  insipid,  or  have  a very  mild 
taste.  They  are  lighter  than  water.  They  are  incapable 
of  combining  with  water,  as,  even  when  strongly  agitated 
with  it,  the  globules  of  oil,  when  the  agitation  ceases,  se- 
parate, and  collect  at  the  surface.  They  have  been  said 
to  be  insoluble  in  alkohol,  but  it  has  been  observed,  both 
by  Bostock  and  Fremy,  that  they  are  dissolved  in  small 
quantity  by  that  fluid  f.  One  oil,  Castor  oil,  is  soluble  in 
alkohol  of  the  specific  gravity  of  .820,  in  every  propor- 
tion ; in  alkohol  of  a higher  specific  gravity,  that  of  .840, 
it  is  stated  by  Mr  Brande  to  be  very  sparingly  soluble ; 
the  oils  of  almond  and  olive  are  very  sparingly  dissolved 
by  alkohol  of  the  former  specific  gravity ; that  of  linseed 
is  more  soluble.  Mr  Brande  farther  found  castor  oil  to 
be  dissolved  by  sulphuric  ether  in  every  proportion,  and 
almond,  olive,  and  linseed  oil,  to  be  dissolved  in  consider- 
able quantity 

These  oils  cannot  be  volatilized  without  decomposition  ; 

' and  even  this  requires  a high  temperature.  In  general, 
they  do  not  boil  at  a heat  less  than  about  600°  of  Fahren- 


* Annales  de  Chimie,  tom.  xciv.  p.  75. 
t Nicholson’s  Journal,  vol.  xvi.  p.  166.  vol.  xviii.  p.  255. 
f Philosophical  Transactions.  1811, 
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licit ; and  when  the  operation  is  conducted  in  close  vessels, 
so  as  to  condense  the  vapour,  the  qualities  of  the  oil  are 
changed:  it  has  lost  its  insipidity,  has  become  acrid,  and, 
by  repeated  distillations,  is  obtained  more  light  and  vola- 
tile, acquiring  also  an  empyreumatic  odour,  and  becoming 
soluble  in  alkohol.  When  this  distillation  is  carried  on 
with  a strong  heat,  carburetted  hydrogen,  carbonic  acid, 
and  an  acid  liquor,  are  produced  with  the  empyreumatic 
oil;  and  there  is  a residuum  of  charcoal. 

Expressed  oils  are  altered  by  exposure  to  the  atmosphere, 
especially  at  a high  natural  temperature ; they  acquire  a 
sharp  taste,  and  a disagreeable  smell,  and  become  thick. 
This  change  is  named  Rancidity  : it  is  owing  to  the  ab- 
sorption of  oxygen  which  always  accompanies  it,  as  Ber- 
thollet  long  ago  demonstrated  *.  The  oxygen  appears 
sometimes  to  combine  with  the  entire  oil ; in  other  cases, 
to  unite  with  part  of  its  principles,  and  form  an  acid ; 
there  is  also  a portion  of  water  slowly  formed.  \\  hen 
the  oil  is  exposed  to  pure  oxygen  gas,  the  same  change 
takes  place  more  speedily  ; and  some  absorb  a large  quan- 
tity. Linseed  oil,  Saussure  found,  absorbed  more  than 
twelve  times  its  volume  of  oxygen  gas  in  the  space  oi  four 
months  f,  and  this  without  forming  any  carbonic  acid. 
Drying  oils,  or  those  extracted  by  expression  with  the  as- 
sistance of  heat,  do  not  become  rancid  from  exposure  to 
the  air,  but,  by  the  absorption  of  its  oxygen,  are  convert- 
ed into  a resinous  matter. 

It  appears  that  this  absorption  of  oxygen  by  fixed  oils 
may,  under  certain  circumstances,  be  so  rapid,  as  to  evolve 
heat  sufficient  to  cause  them  to  burn.  Many  instances  of 
spontaneous  combustion  had  occurred  from  this  cause,  and, 
in  particular,  had  been  so  frequent  in  the  Russian  arsenals, 
that  at  length  a series  of  experiments  was  instituted,  to  as- 


* Memoires  <le  l’Acad.  des  Sciences,  17S5,  p.  529. 
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certain  the  circumstances  connected  with  this.  It  appears 
from  these,  that  if  hemp,  flax,  or  linen  cloth,  be  steeped 
in  linseed  oil,  if  it  lie  in  a heap,  and  be  somewhat  pressed 
together  and  confined,  its  temperature  rises,  a smoke  issues 
from  it,  and  at  length  it  takes  fire.  The  same  thing  hap- 
pens with  mixtures  of  oil  with  fine  charcoal,  as  lamp-black 
wrapt  up  in  linen.  In  one  experiment,  a mixture  of  this 
kind  became  warm  in  about  sixteen  hours,  and  emitted 
steam  ; in  two  hours  more,  it  emitted  smoke,  and  imme- 
diately took  fire.  In  another,  the  combustion  happen- 
ed in  nine  hours.  The  experiment  succeeded  only  when 
drying  oils  were  used  *.  Charcoal  alone,  in  some  states, 
appears  to  be  susceptible  of  spontaneous  inflammation, 
when  it  is  laid  in  heaps,  or  subjected  to  trituration,  of 
which  Sage  has  given  examples  f. 

At  the  same  temperature  nearly  at  which  oil  is  volatiliz- 
ed, it  takes  fire,  and  gives  out  a large  quantity  of  light 
and  heat.  For  this  purpose,  the  oil  must  be  converted  in- 
to vapour,  and  its  temperature  raised  to  ignition.  Hence 
is  derived  the  utility  of  a wick  in  supporting  its  combus- 
tion ; the  wick  drawing  up  a portion  of  the  oil  by  capil- 
lary attraction  : and  by  kindling  the  wick,  the  oil  it  con- 
tains being  converted  into  vapour,  and  perhaps  even  de- 
composed or  resolved  into  a variety  of  olefiant  gas.  Be- 
ing ignited  at  the  same  time,  it  burns ; and  as  fast  as  it  is 
consumed,  a new  supply  is  afforded. 

The  combustion  of  oil  is  economically  applied  to  obtain 
illumination,  and  with  regard  to  this  there  are  some  facts 
of  importance.  Oil  consists  principally  of  carbon  and  hy- 
drogen : the  hydrogen  requires  rather  a lower  temperature 
for  its  combustion  than  the  carbon  does ; hence  the  com- 
bustion of  oil  in  atmospheric  air  is  attended  with  a black 


* Journal  tie  Physique,  tom.  xx.  p.  1.11.  or  Repertory  of  Arts, 
vol.  iii.  p.  95. 
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smoke,  which  consists  of  the  light  carbonaceous  matter 
suspended  in  the  current  of  hot  air.  Where  air  has  not 
sufficient  access  to  the  wick,  this  smoke  is  abundant ; and 
it  may,  on  the  contrary,  be  entirely  removed,  by  increas- 
ing the  current  of  air,  so  as  to  render  the  combustion 
more  rapid.  This  is  done  in  Argand’s  lamp,  which  con- 
sists of  a hollow  wrick,  through  the  internal  part  ot  which 
a circulation  of  air  is  established  ; the  combustion  is  thus 
rendered  more  rapid,  and  so  much  heat  is  extricated,  and 
the  air  is  so  freely  supplied,  that  all  the  carbon  ol  the  oil 
is  consumed.  Hence  the  combustion  in  these  lamps  is  at- 
tended with  no  smoke;  and  from  a given  quantity  ot  oil, 
more  light  and  caloric  are  extricated,  as  the  whole  ot  that 
oil  is  consumed.  It  appears,  however,  that  the  lull  illu- 
mination is  not  obtained  from  the  combustion  ot  oil,  un- 
der these  circumstances,  that  might  be  expected.  Has- 
senfratz,  in  a series  of  experiments,  apparently  performed 
with  much  care,  and  presenting  some  important  results, 
on  the  light  afforded  by  different  combustibles  *,  tound 
reason  to  doubt  of  the  superiority  of  the  lamp  with  an  in- 
ternal current  of  air,  in  the  quantity  of  light  afforded  from 
the  combustion  of  a given  quantity  ol  combustible  matter, 
and  even  to  conclude,  that  it  is  inferior  in  this  respect 
(though  superior  in  producing  no  smoke,  and  less  smell) 
to  a well-constructed  lamp  without  this  arrangement.  The 
loss  of  light  in  the  Argand’s  lamp  giving  rise  to  this  un- 
expected difference,  he  ascribes  to  two  causes  : to  part  be- 
ing absorbed  by  the  glass  chimney,  and  to  the  loss  in  the 
internal  part  of  the  hollow  wick.  The  light  which  escapes 
from  vapour  in  combustion,  escapes  from  the  external  sur- 
face without  interruption,  but  that  from  the  internal  sur- 
face is  diminished  considerably  by  passing  through  the 
flame.  This  Hassenfratz  established,  by  causing  the  light 
from  one  burning  body  to  pass  through  the  flame  oi  an- 


* Annales  tic  Chimie,  torn.  xxiv.  p.  78. 
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Other.  It  is  evident,  that  from  this  cause  part  of  the  light 
from  the  combustion  of  oil  in  a lamp  with  a hollow  wick 
and  internal  current  oi  air  must  be  lost ; and  this  loss  must 
become  greater  from  the  rapid  consumption  of  oil  in  the 
internal  part  of  the  flame.  Accordingly,  in  a lamp  with 
a double  circular  wick,  the  one  within  the  other,  the  illu- 
mination is  not  so  vivid  as  might  be  expected  from  the 
much  greater  consumption  of  oil.  It  follows  from  this, 
that  there  will  be  the  least  loss  of  light  in  an  Argand’s 
lamp,  when  the  diameter  of  the  circular  wick  is  made  small. 
And  a lamp  with  a flat  ribband  wick,  on  the  common  con- 
stiuction,  with  a glass  chimney  placed  over  it,  so  as  to  ad- 
mit of  a current  of  air,  and  of  rendering  the  flame  steady 

and  uniform,  gives  nearly  as  much  light  as  an  Argand’s 
lamp. 

*1  he  products  of  the  combustion  of  oil  are  water  and 
caibonic  acid.  Lavoisier  found,  that  100  parts  of  olive 
oil  combine  with  321  parts  of  oxygen,  and  produce  140 
parts  of  water,  and  281  of  carbonic  acid.  Hence  he  in- 
feired,  that  oil  consists  of  79  of  carbon,  and  21  of  hydro- 
gen. These  must  be  regarded,  however,  only  as  approxi- 
mations. That  oxygen  is  also  a constituent  principle  of 
oil,  appears  to  be  established  by  the  production  of  carbo- 
nic acid  and  water  in  its  decomposition,  when  transmitted 
through  an  ignited  tube.  The  composition  stated  by  Gay 
Lussacand  Thenard,  is  carbon  77.213,  oxygen  9.427,  hy- 
drogen 13.360. 

d he  expressed  oils  suffer  decomposition  from  the  action 
of  the  gi eater  number  of  the  acids.  Sulphuric  acid  renders 
them  brown,  and  at  length  black,  by  evolving  carbon  in 
the  state  of  charcoal  : a portion  of  water  is  also  formed. 

If  heat  be  applied,  the  action  is  more  rapid,  sulphurous 
acid  is  evolved,  and  with  certain  proportions,  the  whole 
oxygen  of  the  acid  is  abstracted,  and  sulphur  obtained. 
Thenard  has  observed,  that  by  the  action  of  sulphuric  acid 
on  expressed  oil  in  the  cold,  a compound  k formed  of  a 
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saponaceous  nature,  which,  when  washed  with  water,  be- 
comes white  : it  is  acid,  but  less  so,  than  if  the  acid  it  con- 
tains were  uncombined  ; the  oil,  therefore,  to  a certain 
extent  neutralizes  the  acid  *.  The  action  of  nitric  acid  on 
oil  is  less  violent ; the  oil  is  merely  thickened  and  render- 
ed white : when  heat  is  applied,  nitrous  acid  vapour  is  dis- 
engaged. The  action  is  more  rapid  on  the  drying  oils,  a 
resinous-like  matter  being  formed  : and  if  heat  be  applied, 
the  oil  may  even  be  inflamed  oy  the  acid.  Muriatic  acid 
has  little  effect  on  oil,  when  mixed  with  it  in  the  cold  ; but 
according  to  Cornette,  if  the  mixture  is  kept  a long  time 
in  digestion  in  a sand  heat,  the  colour  darkens,  and  be- 
comes black  f.  By  distillation  the  acid  passes  o\cr  with 
little  change. 

With  the  alkalis,  expressed  oils  form  a chemical  com- 
bination : the  product  is  the  well-known  substance  Soap. 
If  one  part  of  a pure  expressed  oil,  as  that  ot  olives,  be 
mixed  with  half  its  weight  of  the  common  potash  ley,  an 
imperfect  combination  is  effected : the  oil  becomes  thick 
and  white,  and  the  acrimony  or  causticity  of  the  alkali  is 
lessened.  The  compound  is  to  a certain  extent  capable  of 
combining  with  water : a perfect  solution  indeed  does  not 
take  place,  but  an  opaque  milky  mixture  is  formed,  from 
which  the  oil  does  not  separate  completely.  If  heat  be  ap- 
plied, the  combination  is  rendered  more  perfect.  To  es- 
tablish this,  so  as  to  form  soap,  one  part  of  carbonate  of 
soda  is  dissolved  in  8 or  10  parts  of  water,  and  the  carbo- 
nic acid  is  abstracted  by  lime  : the  liquor  is  filtered,  and 
evaporated  so  far  that  its  specific  gravity  shall  be  to  that 
of  water  as  1 1 to  8.  One  part  of  this  ley  is  mixed  with 
two  of  an  expressed  oil,  and  the  mixture  is  exposed  to  a 
moderate  heat,  sufficient  to  make  the  liquor  simmer.  It 
is  agitated  constantly,  and  the  heat  is  continued  till,  on 


* Memoircs  d’Arcueil,  tom.  ii.  p.  55. 
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afiowing  a few  drops  of  the  liquor  to  fall  on  a stone,  it 
congeals,  and  the  water  separates  from  it.  It  is  then  re- 
moved and  cast  in  moulds. 

^ This  is  the  process  for  preparing  the  finer  kind  of  soap. 
The  coarser  soaps  are  prepared  from  less  pure  materials  ; 
and  the  process  which  is  followed,  is  somewhat  different 
from  that  above  described.  An  elaborate  report  was  pre- 
sented on  this  subject,  by  Pelletier,  Darcet,  and  Lelievre*; 
and  the  account  of  the  manufacture  of  soap  which  follows^ 
is  principally  taken  from  their  memoir. 

The  oily  matter  employed  in  the  fabrication  of  common 
soap,  is  different  in  different  countries.  In  France,  the 
coarser  kind  of  olive  oil  is  used  ; and,  according  to  the 
report  of  the  French  chemists,  it  forms  the  best  soap.  In 
this  country,  animal  fat  is  employed ; and,  according  to 
the  same  authority,  it  is,  next  to  olive  oil,  that  which  gTves 
the  best  hard  soap.  The  alkali  which  answers  best,  is 
soda  : it  forms  a soap  which  easily  becomes  concrete,  while 
potash  forms  one  that  remains  soft.  In  countries,  there- 
fore, where  barilla  can  be  obtained  at  a low  price,  it  is 
used.  In  this  country  it  would  be  too  expensive':  the 
potash  of  commerce  is  employed  : and  in  order  to  render 
the  soap  sufficiently  disposed  to  congeal  and  become  hard, 
theie  is  added,  towards  the  end  of  the  boiling  of  the  al- 
kaline ley  with  the  unctuous  matter,  a quantity  of  sea  salt; 
the  soda  of  which,  being  in  part  evolved  by  the  potash,  pro- 
duces this  effect. 

d he  alkali  must  be  in  its  pure,  or  caustic  state  : whether 
barilla  or  potash,  therefore,  be  employed,  the  carbonic 
acid  is  abstracted  by  lime,  and  the  solution  thus  obtained 
forms  the  soapmakers’  ley.  When  barilla  is  employed, 
after  being  reduced  to  coarse  powder,  it  is  mixed  with  the 
hme:  the  proportions  used  being  5 lbs.  of  barilla  with  1 

* JMemoires  tie  Chimie  de  Pelletier,  tom.  ii.  p.  24f>. 
i Annales  de  Chimie,  tom.  xix.  p.  2;?3. 
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of  lime.  The  mixture  is  put  into  a large  wooden  trough, 
with  such  a quantity  of  water  as  will  cover  it  several  inches: 
it  is  stirred ; and  after  it  has  stood  some  hours,  the  ley  is 
withdrawn,  and  is  named  the  first  ley  : it  is  of  such  a spe- 
cific gravity,  that  a fresh  egg  does  not  sink  in  it.  A new 
quantity  of  water  is  poured  on  the  materials,  and  alter 
some  hours,  is  drawn  off’,  affording  a weaker  ley.  This  is 
repeated  once  more,  forming  a third  ley  : and  lastly,  the 
residuum  is  washed  with  water,  which  now  receives  so  slight 
an  impregnation,  that  it  is  reserved  only  for  adding  to  a 
fresh  quantity  of  the  materials. 

The  proportion  of  oil  that  is  requisite  is  6 parts,  when 
5 of  barilla  and  1 of  lime  have  been  used.  To  combine 
them,  they  are  to  be  boiled  together  : the  boiler  is  a large 
iron  pot  fixed  in  a brick  furnace,  there  being  adapted  to  it 
a crib  of  wood : the  oil  is  put  into  this  boiler,  with  a por- 
tion of  the  weakest  or  third  ley,  and  heat  is  applied,  so  as 
to  cause  the  mixture  to  boil : fresh  portions  of  the  ley  are 
added,  until  the  whole  is  consumed:  the  second  or  stronger 
ley  is  added  in  the  same  manner ; the  mixture  being  well 
stirred : the  oil  unites  with  the  ley ; and  after  some  hours  ol 
boiling,  the  mixture  becomes  uniform,  and  acquires  a thick 
consistence.  A small  portion  of  the  first  ley  is  then  add- 
ed ; the  successive  addition  of  small  portions  is  continued  ; 
the  mixture  becomes  more  and  more  thick,  and  the  soap 
now  formed  begins  to  separate  from  the  watery  liquor  ; a 
small  quantity  of  sea  salt  is  then  added,  which  renders  the 
separation  more  complete,  by  attracting  the  water : the 
boiling  is  continued  for  two  hours  longer,  the  fire  is  then 
withdrawn,  and  the  whole  is  allowed  to  remain  at  rest.  In 
a few  hours  the  soapy  matter  collects  towards  the  surface, 
and  the  watery  part  subsides : this  last  is  drawn  off  by  a 
tube  at  the  bottom  of  the  boiler  : the  fire  is  then  again  ap- 
plied, a small  quantity  of  water  or  of  weak  ley  being  add- 
ed, to  facilitate  the  liquefaction  of  the  soap.  The  mixture 
being  liquefied,  and  being  brought  to  ebullition,  the  re- 
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maining  part  of  the  strong  ley  is  added  in  small  quantities. 
The  congelation  of  the  soap  can  now  be  discovered ; the 
degree  ot  which  is  judged  of,  by  withdrawing  a small  por- 
tion, and  allowing  it  to  cool  on  a plate  of  glass.  If  it  be 
sufficiently  firm,  the  fire  is  withdrawn ; the  soap  is  left  at 
rest  for  some  hours ; the  liquid  beneath  is  withdrawn  by 
the  stop- cock  : the  fire  is  again  applied,  a small  quantity 
of  water  being  added  to  promote  the  liquefaction  ; and 
when  the  whole  has  cooled  a little,  it  is  run  into  the  ves- 
sels in  which  it  is  to  congeal,  in  the  bottom  of  which  a 
little  lime  in  powder  is  strewed.  After  some  days,  the 
soap  has  become  sufficiently  firm  to  be  cut  into  the  form 
under  which  it  is  sold. 

Though  such  be  the  general  outline,  it  is  no  doubt  varied 
by  different  manufacturers,  and  in  different  countries ; but 
by  following  this  process,  a soap  of  excellent  quality  may 
be  formed.  In  this  country,  the  principal  difference  is  in 
using  animal  fat,  to  which,  in  forming  yellow  soap,  a por- 
tion of  resin  is  added ; and  frequently  potash  is  used  in- 
stead of  soda : in  this  case  it  is  necessary  to  use  muriate 
of  soda  in  larger  quantity  than  when  barilla  is  employed, 
in  order  to  afford  a portion  of  soda,  to  render  the  soap 
concrete.  The  French  chemists,  in  their  experiments  on 
soap,  found,  that  when  they  substituted  a ley  from  potash 
for  that  from  barilla,  they  obtained  only  a soft  soap.  But 
if  they  added  in  the  course  of  the  boiling  a solution  of  mu- 
riate of  soda,  they  obtained  a soap  perfectly  firm  : or  if 
they  began  the  process  with  a ley  of  potash,  and  finished 
it  with  a ley  of  soda,  they  had  the  same  result : our  ma- 
nufacturers use  in  general  a portion  of  the  ley  from  kelp. 
The  process,  as  it  is  conducted  in  this  country,  is  describ- 
ed in  Aikin’s  Chemical  Dictionary,  under  the  article  Soap. 
The  following  are  given  as  the  materials  and  the  propor- 
tions, from  which  a good  yellow  soap  is  prepared  : 25  cwt. 
of  tallowy  of  oil,  7 of  resin,  18  of  barilla,  and  10  of  wffiat 
are  named  black  ashes,  being  the  saline  residuum  of  the 


166 


OF  FIXED  OIL. 


waste  ley  recovered  by  evaporation}  and  calcined.  There 
is  sometimes  added  to  the  whole  a little  palm  oil.  The  pro* 
duce  is  about  61  cwt.  of  soap. 

The  veined  or  marbled  soap  differs  from  the  other  in  its 
streaks  of  colour,  and  in  being  prepared  from  the  purest 
materials,  as  it  is  used  for  medicinal  purposes.  The  va- 
riegated colour  is  given  to  it,  by  adding  to  the  soap,  when 
nearly  fully  boiled,  a small  quantity  of  fresh  alkaline  ley, 
and  soon  after  a solution  of  sulphate  of  iron  ; black  oxide 
of  iron  is  thus  precipitated,  which,  from  the  action  of  the 
soap,  assumes  a blue  tinge.  Brow  n or  red  oxide  of  iron  is 
then  diffused  in  w'ater,  and  stirred  through  the  soap,  so  as 
to  be  mixed  with  it  in  streaks. 

The  soft  soap  of  commerce  is  prepared  from  the  com- 
mon potash,  rendered  caustic  by  lime,  and  boiled  with  some 
of  the  coarser  oils,  as  rapeseed,  hempseed,  or  linseed,  or 
even  with  fish  oil. 

Soap  is  frequently  adulterated.  The  most  common  me- 
thod is  to  cause  it  to  imbibe  a large  quantity  of  water  ; and 
to  prevent  the  dissipation  of  this  from  exposure,  those  who 
practise  it  keep  the  soap  in  a saturated  solution  of  muriate 
of  soda.  This  is  detected  by  the  great  loss  of  weight  which 
such  soap  sustains  from  exposure  to  the  air.  Other  modes 
are  also  said  to  be  practised,  as  by  the  addition  of  chalk, 
clay,  alum,  sea  salt,  and  other  substances. 

Pelletier  and  Darcet  executed  the  analysis  of  soap. 
When  properly  prepared,  3 lbs.  of  oil  ought  to  furnish  5 
lbs.  of  soap  : but  from  this  it  is  not  easy  to  discover,  w ith 
perfect  accuracy,  what  proportion  of  alkali  and  of  w ater 
it  contains.  The  proportions  they  assign  are,  in  1 lb.  of 
soap,  9 ounces  6 drachms  of  oil,  1 ounce  3 drachms  of 
pure  alkali,  and  4 ounces  7 drachms  of  water. 

The  cleansing  property  of  soap  depends  on  the  alkali  it 
Contains  : the  alkaline  power  is  no  doubt  impaired  by  the 
combination  ; and  it  might  be  supposed  more  economical, 
to  use  the  alkaline  solution.  In  some  cases  it  is  so,  as  in 


OF  FIXED  OIL. 


167 


the  process  of  bleaching ; but  for  common  use,  soap  has 
some  advantages ; as  it  acts  less  on  the  fibre  of  the  cloth, 
and  gives  it  a softness  and  smoothness,  which  the  alkali 
alone  would  not  do. 

Soap  is  soluble  in  water  ; but  the  solution  is  milky.  It 
is  also  soluble  in  alkohol;  and  if  the  purest  soap  has  been 
employed,  this  solution  is  nearly  transparent ; if  strong,  it 
is  of  a gelatinous  consistence. 

Soap  is  decomposed  by  the  acids,  which  attract  its  al- 
kali, and  separate  its  oil.  The  greater  number  of  the  salts 
also,  either  earthy  or  metallic,  effect  in  it  the  same  decom- 
position. This  is  the  reason  that,  with  what  are  termed 
Hard  waters,  a proper  solution  of  soap  cannot  be  formed, 
— the  sulphate  of  lime  contained  in  the  water  decomposing 
the  soap.  In  the  decomposition  of  soap  by  the  earthy  and 
metallic  salts,  the  oil  combines  with  the  earth  or  metallic 
oxide.  When  this  oil  is  separated  by  an  acid  from  the 
soap,  its  properties  are  altered ; and,  in  particular,  it  is  so- 
luble in  alkohol.  During  its  conversion  into  soap,  there- 
fore, it  must  have  undergone  some  chemical  change.  It 
has  been  supposed  to  receive  oxygen  from  the  air ; and 
this  seems  to  be  confirmed  by  the  experiments  of  Fremy  #, 
but  is  denied  by  Chevreul. 

A peculiar  product  was  obtained  by  Chevreul  from  the 
decomposition  of  soap,  what  he  named  Margarine.  On 
leaving  soap  immersed  in  water,  one  part  of  it  is  dissolved, 
while  another  part  is  precipitated.  On  washing  this  with 
alkohol,  and  submitting  it  to  the  action  of  muriatic  acid, 
which  combines  with  the  alkaline  base,  the  margarine  is 
separated  in  pearly  scales.  As  a product  more  peculiarly 
of  animal  fat,  and  as  connected  with  the  other  principles, 
stearine  and  elaine,  obtained  by  the  same  chemist,  it  is 
afterwards  to  be  considered  under  their  history.  Chevreul 
lias  supposed  it  to  be  of  the  nature  of  an  acid ; and  hence 


* Nicholson’s  Journal,  vol.  xvjii.  p.  251. 
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to  exist  combined  with  the  alkali  of  soap,  somewhat  in  the 
manner  of  a saline  compound.  He  also  found  another 
product  of  an  acid  nature,  what  he  names  Oleic  acid,  in 
a similar  state  of  combination  ; and  the  process  of  saponi- 
fication seems  to  consist  in  the  formation  of  these  two  pro- 
ducts from  the  fatty  or  oily  matter,  or  rather  from  the 
stearine  and  elaine  of  the  fat,  and  their  combination  with 
the  alkaline  base, — the  Sweet  Principle,  as  it  is  named,  of 
oils  being  a product  which  is  at  the  same  time  separated 
A similar  view  has  been  given  by  Braconnot.  The  action 
of  the  alkali  in  the  formation  of  soap,  he  supposes  to  consist 
in  its  converting  the  oil  or  fat  into  twro  products,  an  oily 
matter,  and  a concrete  fat  similar  to  what  is  called  Adipo- 
cire ; this  latter  being  analogous  to  the  Margarine,  the 
former  to  the  Elaine  of  Chevreul,  and  with  these  the  alkali 
combines.  Pie  gives  the  following  as  the  composition  of 
the  soap  of  olive  oil,  w ater  21.36,  adipocire  or  concrete  fat 
9.20,  oily  matter  soluble  in  alkohol  59.20,  soda  10.24*  f. 

Ammonia  forms  with  the  expressed  oils  a saponaceous 
compound,  which  is  thick  and  white,  and  which  is  diffu- 
sible in  water.  The  combination,  however,  is  less  inti- 
mate than  that  with  the  other  alkalis,  as  heat  cannot  be 
applied  to  render  it  perfect.  Berthollet  obtained  a proper 
ammoniacal  soap,  by  the  indirect  process  of  mixing  a so- 
lution of  common  soap  with  a solution  of  muriate  of  am- 
monia : the  muriatic  acid  is  attracted  by  the  alkali  of  the 
soap,  and  the  oil  combines  with  the  ammonia,  forming  a 
kind  of  coagulum.  This  soap  is  less  soluble  in  water  than 
common  soap,  has  a more  pungent  taste,  is  less  consistent, 
and  is  decomposed  by  long  exposure  to  the  air.  It  is  so- 
luble in  alkohol. 


* Annales  tie  Chimie,  tom.  xciv.  and  xcv.  Annals  of  Philoso- 
phy, vol.  vii. 

t Annales  de  Chimie,  tom.  xciii.  p.  268.  Philosophical  Maga- 
zine, vol.  xlvi.  p.  155. 
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Berthollet,  in  a memoir  on  the  combinations  of  oils  with 
earths  and  metallic  oxides  *,  has  described  the  properties 
ct  the  saponaceous  compounds  thus  formed. 

Lime-water  acts  upon  expressed  oil  nearly  in  the  same 
manner  as  an  alkaline  solution,  forming  a white  and  thick 
mixture ; but  the  proper  calcareous  soap  he  found  to  be 
formed  by  mixing  a solution  of  soap  with  a solution  of  sul- 
phate, muriate,  or  nitrate  of  lime,  or  by  adding  it  to  lime- 
water  ; the  lime  unites  with  the  oil  of  the  soap,  and  forms 
a combination  sparingly  soluble,  which  remains  on  the 
filtre.  By  a similar  process,  he  formed  magnesian  and  ar- 
gillaceous soaps,— —adding,  to  form  the  one,  a solution  of 
sulphate  of  magnesia,  to  form  the  other,  a solution  of  alum, 
to  a solution  of  common  soap.  The  magnesian  soap  was 
of  the  utmost  whiteness,  unctuous,  dried  with  difficulty, 
and  preserved  its  white  colour  after  exsiccation.  It  melts 
with  a moderate  heat,  and  forms  a transparent  mass,  slight- 
ly yellow,  and  very  brittle  : it  is  insoluble  in  boiling  water, 
but  alkohol  dissolves  it;  when  water  is  added  to  the  solu- 
tion, it  becomes  milky.  The  argillaceous  soap  was  soft  and 
tenacious,  and  preserved  its  tenacity  in  drying ; it  melts 
leadily,  and  exhibits,  after  fusion,  a mass  of  a beautiful 
transparency,  rather  yellow.  It  appeared  to  be  insoluble 
in  water,  alkohol,  or  oil.  The  solution  of  muriate  of  ba- 
rytes afforded,  with  soap,  a combination  nearly  the  same 
in  appearance  and  properties,  as  the  soap  of  lime. 

Combinations  of  expressed  oil  with  metallic  oxides  can 
be  formed  by  a similar  process, — adding  to  a solution  of 
soap  a solution  ol  a metallic  salt : and  the  properties  of  a 
number  of  these  compounds  were  examined  by  Berthollet. 

I he  combination  with  oxide  of  mercury,  he  found  to  be 
viscid ; to  dry  with  difficulty,  losing  its  white  colour  in 
drying ; to  be  soluble  in  oil,  and  very  sparingly  in  alkohol : 

* S Memoires  (le  l’Acad.  (les  Sciences,  1780,  p.  1. 

£ Nicholson’s  Journal,  4fo,  vol.  i.  p.  170. 
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that  with  silver  is  at  first  white ; but  after  a few  moments’ 
exposure  to  the  air,  it  becomes  led  . that  ol  gold*  which 
is  also  at  first  white,  soon  assumes  a purple  colour;  these 
changes  of  colour  being  probably  owning  to  the  facility  with 
which  their  respective  metals  part  with  oxygen.  The  com- 
bination with  oxide  of  iron  is  of  a reddish-brown  colour, 
tenacious,  and  easily  fusible  ; that  with  copper  is  of  a green 
colour : when  digested  in  alkohol,  its  colour  becomes  deep- 
er, and  it  liquefies,  but  does  not  dissolve  in  the  cold  : ether 
renders  its  colour  deeper  and  more  bcautilul,  and  dissolves 
a considerable  quantity  of  it : it  is  also  soluble  in  oils,  to 
which  it  gives  a fine  green  tinge,  i his,  on  account  of  its 
solidity  and  its  fine  green  colour,  has  been  proposed  to  be 
used  as  a paint  *.  The  compound  with  oxide  of  lead  is 
white,  tenacious,  and  adhesive  when  heated : that  of  tin  is 
also  white  : it  is  not,  like  the  other  metallic  soaps,  fusible  ; 
but  is  decomposed  by  heat.  The  soap  of  zinc  is  yellowish 
white,  dries  speedily,  and  becomes  friable:  that  of  cobalt 
is  of  a dull  leaden  colour,  and  dries  with  difficulty ; and 
that  of  manganese  white,  but,  on  exposure  to  the  air,  as- 
sumes a peach-bloom  colour,  which  gradually  deepens  ■j*. 

Expressed  oil  is  capable  of  acting  on  some  of  the  metal- 
lic oxides,  and  even  of  promoting  the  oxidation  of  some  of 
the  metals.  If  copper  be  rubbed  with  grease,  and  exposed 
to  the  air,  the  surface  becomes  green,  the  fat  absorbing 
oxygen,  which  acts  on  the  metal.  The  oxidation  of  mer- 
cury by  trituration  with  lard  probably  depends  on  the  same 
agency.  With  oxide  of  lead,  expressed  oil  combines,  either 
by  trituration,  or  in  a more  perfect  manner  by  boiling;  and 
by  the  last  method,  so  much  of  the  oxide  is  dissolved,  that 
the  compound,  when  cold,  assumes  a solid  consistence. 
This  forms  what  in  pharmacy  is  named  Common  Plaster, 
prepared  by  boiling  two  parts  of  oil  with  one  of  vitrified 

* Journal  de  l’Ecole  Polytechnique,  t ali.  iii.  p.  4-2/. 

t Nicholson’s  Journal,  4to,  vol.  i.  p.  172. 
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oxide  of  lead  (litharge),  adding  a small  portion  of  water 
to  prevent  the  composition  from  being  scorched.  Its  tex- 
ture is  foliated,  and  it  is  easily  melted.  From  its  adhesive 
quality  and  its  mildness,  it  is  well  adapted  to  the  uses  to 
which  it  is  applied  in  surgery.  Deyeux,  who  has  made 
some  observations  on  these  combinations  *,  has  remarked, 
that  some  other  metallic  oxides,  as  those  of  bismuth  and 
mercury,  may  be  made  to  afford  similar  compositions  with 
oil.  In  the  action  of  expressed  oils  on  litharge,  Scheele 
observed,  that  a substance  of  a sweet  taste  is  produced, 
which  remains  dissolved  in  the  water  with  which  the  li- 
tharge and  oil  are  boiled.  During  this  action,  it  appears, 
carbonic  acid  and  water  are  formed,  and  this  leaving  oxy- 
gen redundant  gives  rise  to  the  formation  of  the  Sweet 
Principle,  which  resembles  sugar  in  several  of  its  proper- 
ties, but  differs  from  it  in  others,  particularly  in  being  vo- 
latile, and  in  not  being  capable  of  fermenting.  The  oil 
also  becomes  volatile  and  soluble  in  alkohol  f. 

Expressed  oil  combines  with  sulphur,  by  boiling  them 
together.  This  solution,  named  Balsam  of  Sulphur,  has 
a reddish-brown  colour,  a foetid  smell,  and  acrid  taste. 
When  heated,  it  emits  sulphuretted  hydrogen.  When 
concentrated,  sulphur  is  deposited  from  it,  crystallized  in 
octaedrons. 

Expressed  oil  dissolves  phosphorus  with  the  assistance 
of  heat.  The  liquid  is  luminous  when  exposed  to  the  air. 
When  saturated,  a part  of  the  phosphorus  is  deposited,  on 
cooling,  in  octaedral  crystals. 

It  unites  with  several  of  the  vegetable  products;  gum. 
fecula,  and  sugar.  If  triturated  with  any  of  these,  and  a 
little  water,  it  forms  a milky  fluid,  from  which  the  oil  does 
not  immediately  separate.  Mucilage  suspends  it  more  com- 


* Annales  tie  Chimie,  tom.  xxxiii.  p.  50. 
t Nicholson’s  Journal,  vol.  xviii.  p.  251 . 
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pletely  than  either  of  the  others ; and  is  frequently  used 

in  pharmacy  for  this  purpose. 

Expressed  oils  are  applied  to  many  purposes  in  the  arts. 
They  form  the  basis  of  paints,  the  oil  being  triturated  with 
white  oxide  of  lead,  and  the  colouring  matter  being  after- 
wards added.  Combined  with  resin  and  turpentine,  they 
form  Fat  Varnishes,  which  differ  from  the  spirit  varnishes 
in  being  more  flexible.  Mixed  with  lamp-black,  they  form 
the  composition  used  as  printing-ink.  I or  these  uses,  the 
drying  oils,  those  of  linseed,  poppy,  hemp,  or  nuts,  are 
-employed  ; and  they  require  even  preparation.  Not  only 
is  the  seed  from  which  they  are  extracted  previously  roast- 
ed, but  the  oil  is  strongly  boiled  for  some  time,  is  even 
sometimes  kindled,  and  allowed  to  burn  lor  a little ; or  is 
boiled  with  a little  litharge.  By  these  processes  the  qua- 
lities of  the  oil  are  materially  modified,  and,  in  particular, 
the  unctuosity  is  lessened,  as  is  apparent  in  the  facility 
with  which  printing-ink  is  impressed  on  paper,  without 
spreading  or  giving  a greasy  stair. 

It  is  under  the  form  of  drying  oils  that  oil  is  used  as  the 
vehicle  of  colour  in  painting,  the  colours  being  mixed  with 
the  oil ; and  there  is  a considerable  degree  ol  nicety  with 
regal’d  to  their  preparation.  It  appears,  that  a portion  of 
the  mucilaginous  matter,  originally  contained  in  the  oil 
when  it  had  been  expressed,  adheres  to  it : this  prevents 
the  oil  from  flowing  so  smoothly  from  the  pencil,  and  the 
composition  dries  slowly  and  unequally,  not  by  inspissation 
of  the  whole  layer  of  the  oil,  but  by  thin  pellicles  forming 
successively,  whence  false  shades  are  communicated.  Va- 
rious additions  have  been  made  to  remedy  these  inconve- 
niences ; such  as  litharge,  or  other  salts  ol  lead,  and  some 
saline  substances.  But  the  risk  in  employing  these  is,  that 
the  colours  are  more  or  less  injured  by  them ; and  as  this 
injury  may  in  some  cases  take  place  very  slowly,  it  is  diffi- 
cult to  make  the  experiment,  so  as  to  ascertain  what  ad- 
ditions are  harmless,  and  what  may  ultimately  prove  in- 
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jurious.  It  is  therefore  still  a desideratum  to  have  a pro- 
cess to  prepare  these  oils  for  the  finer  kinds  ol  painting. 

It  has  been  often  the  practice  to  use  not  the  drying  oil 
alone,  but  a solution  of  amber  or  copal,  in  the  oil,  to  mix 
up  the  colours,  this  drying  more  quickly  and  equally;  and 
it  has  been  supposed,  that  this  was  employed  as  a vehicle 
of  colours  by  some  of  the  older  painters,  especially  those 
of  the  Venetian  school.  This,  however,  is  doubtful,  and 
it  has  been  affirmed,  that  when  either  copal  or  amber  is 
used,  the  composition  dries  too  quickly,  dries  hard,  and 
is  therefore  liable  to  scale.  It  is  the  practice,  it  is  said,  of 
many  artists,  to  use  a composition  of  mastich,  which  is  not 
liable  to  these  inconveniencies.  It  consists  of  equal  parts 
of  a solution  of  mastich  in  turpentine,  and  drying  lin- 
seed oil,  with  which  the  colours  are  mixed. 


•Sect.  X. — of  volatile  or  essential  oil. 

The  volatile,  though  agreeing  with  the  fixed  oils  in 
unctuosity,  inflammability,  and  several  properties,  differ 
from  them  in  others.  They  are  volatile  at  a low  tempera- 
ture, and  may  be  distilled  by  the  heat  of  boiling  water, 
without  being  decomposed ; they  are  soluble  in  a small 
proportion  in  water  : they  are  more  soluble  in  alkohol,  and 
they  do  not  easily  combine  with  the  alkalis.  They  are  in 
general  odoriferous,  pungent,  and  acrid ; and  are  more 
highly  inflammable  than  the  fixed  oils. 

These  oils  exist  principally  in  the  aromatic  plants.  In 
some  plants  the  oil  is  confined  to  the  flowers,  the  fruit,  the 
leaves,  or  bark;  sometimes  it  is  contained  in  several  of 
these  parts,  and  in  a few  instances  it  is  diffused  through 
every  part  of  the  plant.  The  quantity  varies,  not  only 
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according  to  the  age,  but  according  to  the  vigour  of  the 
plant,  hence  it  is  dependent  on  climate,  soil,  and  season. 

It  is  remarkable,  that  though  in  general  the  odour  re- 
sides in  the  essential  oil,  there  are  some  odoriferous  flowers, 
as  the  violet  or  jessamine,  which  yield  little,  if  any,  yet 
they  lose  their  flavour  by  a gentle  heat. 

Some  of  the  essential  oils  being  contained  in  distinct  ve- 
sides,  may  be  obtained  by  pressure.  In  this  manner,  es- 
sential oils  are  obtained  from  lemon  and  orange  peel. 
Usually  they  are  obtained  by  distillation ; the  vegetable 
substance  being  submitted  to  heat,  with  a considerable  por- 
tion of  water,  in  the  common  still.  The  heat  of  boiling 
water  is  sufficient  to  volatilize  the  oil : it  is  therefore  car- 
ried over  with  the  aqueous  vapour : the  water  when  it  is 
condensed  retains  the  taste  and  flavour  of  the  plant,  from 
having  dissolved  a small  part  of  the  oil ; the  greater  part, 
however,  separates,  and  swims  on  the  surface,  or  sinks  to 
the  bottom.  The  oils  prepared  in  this  way  are  named 
Distilled  Oils ; and  the  waters  impregnated  with  them, 
Distilled  Waters. 

The  essential  oils  are  in  general  lighter  than  water ; 
though  a few  produced  from  aromatic  plants,  as  cloves  or 
cinnamon,  are  heavier : they  are  thin  and  fluid ; sometimes 
viscid  : some  congeal  at  a moderate  reduction  of  tempera- 
ture, others  remain  fluid  at  intense  colds.  In  congealing 
they  assume  a crystalline  arrangement.  A few  oils  are 
obtained  concrete,  such  as  that  of  roses.  Their  colours 
are  various,  and  each  has  a peculiar  odour  and  taste ; the 
odour  is  that  of  the  vegetable  from  which  it  is  extracted. 

The  essential  oils  are  volatilized  by  a very  moderate  heat : 
if  a greater  heat  is  applied  to  them,  they  suffer  a change 
in  composition  and  properties ; hydrogen  is  evolved,  and 
charcoal  is  obtained  as  a residuum. 

These  oils  exposed  to  the  air,  gradually  lose  part  of  their 
smell : are  thickened ; and  at  length  become  nearly  con- 
crete: depositing  crystals  of  an  acid  nature.  These  changes 
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are  owing  to  the  absorption  of  oxygen,  which  oxidizes  a 
portion  of  the  oil,  so  as  to  form  an  acid  similar  to  the  ben- 
zoic ; while  the  greater  part,  either  by  the  loss  of  part  of 
its  hydrogen,  or  partly  from  this,  and  partly  from  the  fixa- 
tion ot  oxygen,  is  converted  into  a substance  of  a resinous 
nature.  From  some,  too,  there  is  a deposition  of  cam- 
phor. Braconnot  has  supposed,  that  the  essential  oils, 
like  the  expressed  oils,  are  not  altogether  homogeneous. 

. ° to  " 

but  contain  along  with  a fluid  oilj  a portion  of  concrete 
matter,  which  in  general  is  analogous  to  camphor,  so  that 
this  principle  bears  to  these  oils  the  same  relation  that  suet 
does  to  the  fat  oils.  In  others  of  them,  those  in  particu- 
lar which  are  concrete,  as  the  oil  of  roses,  or  those  which 
congeal  at  very  moderate  colds,  as  the  oil  of  anise  or  fen- 
nel, the  concrete  matter  seems  to  be  of  a different  kind. 

The  volatile  oils  are  inflamed  more  easily  than  the  fixed 
are,  and  their  combustion  is  more  rapid.  The  products 
of  the  combustion  are  water  and  carbonic  acid.  They 
yield  more  water  than  the  fixed  oils  do ; hence  they  ap- 
pear to  differ  from  the  fixed  oils,  in  containing  more  hy- 
drogen proportioned  to  their  carbon. 

The  essential  oils  are  dissolved  by  water,  but  in  small 
quantity,  only  as  much  as  communicates  flavour  and  taste. 
Distillation  is  not  necessary  to  this  combination,  mere  agi- 
tation is  sufficient ; and  thus  waters  may  be  formed,  a6 
strongly  impregnated  as  those  which  are  distilled. 

The  essential  oils  are  more  soluble  in  alkoholv  Some 
combine  with  the  alkohol  in  every  proportion,  others  in 
limited  quantities  ; and  there  are  some  which  are  sparingly 
soluble,  as  oil  ot  lemon  peel  or  of  turpentine, — affording 
in  common,  with  many  facts  relating  to  the  chemical  re- 
lations ot  the  vegetable  principles,  a proof  that  in  each 
the  properties  are  not  perfectly  uniform,  but  exhibit  gra- 
dations, undoubtedly  from  slight  variations  in  the  compo- 
sition which  constitutes  the  species. 
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The  action  of  the  acids  on  the  essential  oils,  is  mofe 
violent  than  on  the  fixed  oils.  Sulphuric  acid  blackens 
them  instantly,  and  sulphurous  acid  and  carbonic  acid 
gases  are  disengaged  with  considerable  heat.  Nitrous  acid 
acts  so  powerfully,  as  often  to  inflame  the  oil ; and  the  in- 
flammation almost  always  takes  place  when  a little  sulphu- 
ric acid  is  mixed  with  the  nitrous  acid.  II  the  nitric  acid 
be  added  more  slow  ly,  and  w ith  precaution  to  guard  against 
inflammation,  it  appears  from  an  experiment  by  Chaus- 
sier  *,  that  prussic,  malic,  and  oxalic  acids  are  formed ; 
the  remaining  oil  is  converted  into  a viscous  resinous  sub- 
stance, and  much  carbonic  acid,  nitric  oxide,  and  nitrogen 
gases,  are  evolved  during  the  operation.  rI  he  action  of 
muriatic  acid  is  less  violent ; it  deepens  the  colour  ol  the 
oil,  and  thickens  it.  The  oxymuriatic  converts  these  oils 
into  a resinous- like  matter. 

In  some  cases  the  essential  oils  appear  to  combine  with 
acids,  instead  of  being  decomposed  ; and  the  acid,  as  The- 
nard  has  remarked,  is  neutralized  by  the  oil,  so  that  its 
existence  is  not  obvious  in  the  compound  from  any  sensible 
acidity.  The  substance  produced  by  the  action  ol  muria- 
tic acid  on  oil  of  turpentine,  which  has  been  named  Arti- 
ficial Camphor,  lie  regards  as  a compound  ol  this  nature. 

The  essential  oils  combine  with  difficulty  w ith  the  fixed 
alkalis.  By  long  trituration  a combination  is  effected,  and 
a saponaceous  compound  is  formed ; which  is  much  less 
perfect,  however,  than  that  formed  by  the  fixed  oils  with 
the  alkalis.  From  the  observations  of  Pelletier,  it  appears, 
that  when  the  alkali  is  saturated  with  carbonic  acid,  it 
combines  more  easily  and  perfectly  with  the  essential  oils, 
than  when  it  is  pure  : and  he  has  supposed,  that  the  indi- 
rect processes  employed  by  chemists  to  form  these  combi- 
nations, succeeded  in  consequence  of  the  absorption  ol 
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carbonic  acid  from  the  atmosphere  *.  Others  have  sup- 
posed the  effect  to  depend  on  the  absorption  of  oxygen. 

Liquid  ammonia,  distilled  with  the  essential  oils,  dis- 
solves them,  but  sparingly.  It  combines  readily,  however, 
with  them  when  they  are  dissolved  in  alkohol. 

These  oils  dissolve  sulphur.  The  solution  has  an  offen- 
sive smell  and  taste.  When  saturated,  it  deposites  part 
oi  the  sulphur  in  transparent  crystals.  They  likewise  dis- 
solve phosphorus;  and  from  this  saturated  solution  the 
phosphorus  is  deposited  in  a crystalline  form.  The  addi- 
tion of  a portion  of  camphor  causes  it  to  remain  dissolved. 
Some  of  these  solutions,  such  as  that  in  oil  of  cloves,  are 
luminous,  without  much  heat. 

They  decompose  some  of  the  metallic  salts,  first  attract- 
ing the  oxide,  from  which  the  oxygen  continues  to  be  slow- 
ly atti  acted,  probably  by  the  hydrogen  of  the  oil,  so  that 
the  metal  is  at  length  precipitated  in  its  pure  form. 

The  volatile  oils  unite  in  some  measure  with  mucilage 
or  with  sugar;  and  by  the  medium  of  either  of  these  they 
may  be  suspended  in  water. 

They  are  in  general  used  as  perfumes,  or  in  the  practice 
of  medicine.  Some  of  them  enter  into  the  composition  of 
varnishes. 

These  oils  are  frequently  adulterated,  either  by  the  ad- 
dition of  some  cheaper  essential  oil,  as  that  of  turpentine, 
of  a pure  fixed  oil,  as  oil  of  almonds,  or  of  alkohol.  The 
first  is  betrayed  by  its  smell,  when  a little  of  the  adulte- 
rated oil  dropt  on  paper  is  heated  before  a fire ; the  second 
by  the  oil  dropt  on  paper  leaving  a greasy  stain,  after  the 
paper  has  been  exposed  to  as  high  a heat  as  it  can  bear, 
and  by  not  being  soluble  in  alkohol ; the  third  by  becom- 
ing milky  when  it  is  mixed  with  water. 
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Sect.  XI. — of  camphor. 

Camphor  in  many  of  its  properties  resembles  the  vola- 
tile oils : it  is  odorous,  pungent,  volatile,  inflammable, 
sparingly  soluble  in  water,  and  abundantly  soluble  in  al- 
kohol.  It  differs  from  them  principally  in  its  concrete  form, 
its  relation  to  the  acids  and  alkalis,  and  the  results  ol  its 
decomposition  by  heat. 

Camphor  is  a principle  contained  in  many  vegetables, 
especially  the  aromatic  plants : it  appears  to  be  volatilized 
in  combination  with  their  essential  oil  in  the  process  ot 
distillation,  and,  when  these  are  long  kept,  is  deposited  in 
a crystalline  form.  Proust  extracted  it  in  this  way  trom 
oil  of  lavender,  of  sage,  and  other  labiated  plants ; the  first, 
by  spontaneous  evaporation,  affording  one-fourth  ; the  se- 
cond one-eighth  of  its  weight.  The  process  he  followed, 
was  to  distil  oil  of  lavender  with  the  heat  of  a water-bath 
inferior  to  212°,  until  one-third  had  passed  over ; the  re- 
maining quantity  when  cold  affords  camphor,  which  may 
be  separated  from  the  adhering  oil  by  pressure  between 
folds  of  bibulous  paper  ; when  refined  by  sublimation  with 
a little  lime,  it  is  similar  to  common  camphor,  but  retains 
somewhat  of  the  odour  of  the  essential  oil  *.  Peppermint, 
rosemary,  and  other  plants  of  this  country,  also  afford  it. 

The  Camphor  of  commerce  is  procured  from  the  Lau- 
rus  camphora,  a native  ot  the  east  of  Asia.  It  exists  in 
the  wood  of  this  tree  in  vesicles,  and  when  picked  out, 
forms  what  has  been  named  Native  Camphor.  It  is  usual- 
ly procured  by  the  process  of  sublimation.  The  wood  ot 
the  stem  and  branches,  cut  into  small  billets,  is  exposed 
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with  a little  water  to  a moderate  heat,  in  a kind  of  alem- 
bic, to  the  head  of  which  is  adapted  a capital  in  which 
straw  is  put.  The  camphor  is  volatilized,  and  attaches  it- 
self to  the  straw.  It  is  purified  in  Europe  by  a second 
sublimation. 

The  camphor  of  commerce,  from  its  mode  of  prepara- 
tion, is  in  the  form  ot  semi -spherical  cakes : it  has  a tex- 
tile somewhat  striated,  with  a degree  of  ductility,  in  con- 
sequence of  which  it  can  be  compressed,  and  is  not  easily 
reduced  to  powder ; is  of  a white  colour,  and  semi-transpa- 
rent; a little  unctuous  to  the  feel;  has  a strong,  peculiar, 
and  rather  a fragrant  odour,  and  a taste  which  is  pungent 
and  bitter.  It  is  susceptible  of  crystallization  when  slowly 
sublimed ; when  slowly  precipitated  from  its  solution  in 
alkohol  by  the  affusion  of  water,  in  appears  in  the  form  of 
acicular  prisms. 

Camphor  is  even  more  volatile  than  the  essential  oils. 
It  evaporates  at  the  common  temperature  of  the  atmo- 
sphere, losing  weight,  and  an  angular  fragment  becoming 
spherical;  at  a temperature  between  100  and  150,  it  sub- 
limes in  close  vessels  unchanged.  If  heated  under  com- 
pression, or  if  suddenly  heated  under  the  pressure  of  the 
atmosphere,  it  becomes  fluid  before  it  passes  into  vapour  ; 
and  in  the  process  of  subliming  it  in  the  large  way,  the 
heat  is  so  applied,  that  the  camphor  is  rendered  fluid,  and 
the  sublimed  cake  is  thus  obtained  more  dense.  The  tem- 
perature at  which  it  melts  is,  according  to  Venturi,  302S 
of  Fahrenheit. 

It  is  highly  inflammable,  kindles  very  readily,  and  burns 
with  the  emission  of  much  light,  and  with  a dense  black 
smoke,  which  condenses  into  a smooth  light  charcoal. 
Carbonic  acid  gas  is  produced,  and  a portion  of  the  pecu- 
liar acid  which  has  been  named  Camphoric  Acid. 

Camphor  is  sparingly  soluble  in  water.  When  tritu- 
rated with  it,  it  communicates  smell  and  taste  to  the  wa- 
ter, which  remains  odorous,  and  somewhat  pungent ; but 
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scarcely  any  appreciable  quantity  is  dissolved.  A pheno- 
menon which  has  excited  some  attention  is  presented,  when 
pieces  of  camphor  are  placed  on  the  surface  of  pure  water. 
They  begin  to  move  with  rapidity,  and  while  moving  dis- 
solve, the  solution  taking  place  at  the  line  where  the  water 
and  the  air  are  in  contact,  so  that  a cylinder  ot  camphor 
immersed  in  water  part  of  its  length,  becomes  excavated, 
and  at  length  is  cut  through,  exactly  on  a level  with  the 
surface  of  the  w'ater.  The  motions  of  the  camphor  are, 
according  to  Venturi,  owing  to  this  cause  ; the  rotation  of 
the  small  pieces  at  the  surface  being  the  mechanical  effect 
of  the  re-action  which  the  oily  liquor,  (into  which  the  cam- 
phor, by  the  solvent  power  of  the  air  and  water,  is  resolv- 
ed), extending  itself  upon  the  water,  exercises  against  the 
camphor  itself*. 

Camphor  is  soluble  in  alkohol : the  solution  is  decom- 
posed, and  the  camphor  precipitated  in  a white  powder, 
by  the  affusion  of  water  ; if  the  water  be  slowly  added,  and 
merely  in  such  a quantity  as  to  weaken  the  affinity  of  the 
alkohol  to  the  camphor,  the  latter,  in  separating,  presents 
a dendritic  crystallization.  It  is  also  soluble  in  expressed 
and  essential  oils,  and  from  these  solutions,  when  satuiated, 
the  camphor  separates  in  a crystalline  form. 

The  alkalis  do  not  act  on  camphor.  Of  the  earths,  mag- 
nesia appears  to  exert  some  action  on  it,  as,  w hen  they7  ai  e 
triturated  together,  the  camphor  is  reduced  to  a smooth 
impalpable  powder,  which  is  easily  diffused  in  water. 

The  action  of  the  stronger  acids  on  camphor  is  pecu- 
liar, and  presents  some  singular  results. 

Sulphuric  acid  digested  on  it  renders  it  brown ; and  a 
brown  or  reddish  solution  is  obtained,  from  which,  on  the 
addition  of  water,  camphor  is  precipitated.  I his  takes 
place,  however,  only  at  a certain  stage  of  the  process  ; and 
Mr  Hatchet,  in  his  experiments  on  artificial  tannin,  in- 
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vestigated  other  changes  which  happen.  Camphor  added 
to  concentrated  sulphuric  acid,  gradually  dissolved,  form- 
ing a solution  which,  from  a yellow,  deepens  to  a blackish 
brown,  sulphurous  acid  gas  being  disengaged  : at  the  end 
of  two  days  this  ceases  : but  on  placing  the  vessel  on  a 
sand-bath,  it  renewed.  After  two  days  more,  on  adding- 
water,  a coagulum  of  a reddish  brown  colour  is  formed ; 
and  the  odour  of  sulphurous  acid  is  succeeded  by  one  re- 
sembling that  of  a mixture  of  oils  of  lavender  and  pepper- 
mint. The  whole  being  distilled,  the  water  impregnated 
with  this  odour  passes  over,  accompanied  by  a little  of  a 
yellowish  oil;  there  is  then  a slight  production  of  sulphu- 
rous acid  gas  : water  being  added,  and  the  distillation  con- 
tinued until  a dry  blackish  brown  mass  remains;  by  the 
action  of  alkohol,  part  of  this  is  dissolved,  part  remains 
undissolved  : the  latter  has  the  appearance  of  a compact 
coal : the  dissolved  matter  has  the  properties  of  tannin  *. 
Chevreul  observed  the  same  products  nearly,  from  the  ac- 
tion ol  sulphuric  acid  on  camphor ; the  coally  residuum 
he  regards  as  a compound  of  carbon  highly  hydrogenated 
with  sulphuric  acid  ; the  soluble  astringent  matter  he  con- 
siders as  a similar  compound  with  a larger  proportion  of 
acid,  and  having  the  carbon  combined  with  a still  larger 
proportion  of  hydrogen.  And  the  sulphuric  acid  is  so  in- 
timately combined  in  these  products,  that  it  is  not  abstract- 
ed by  barytes  f. 

The  action  of  nitric  acid  on  camphor  is  very  different. 
In  the  cold  it  dissolves  it,  and  the  solution  divides  into  two 
portions, — a yellowish  liquid  of  an  oily-like  appearance, 
and  a watery  liquor  which  collects  beneath.  The  first  con- 
tains camphor  in  solution  in  nitric  acid,  and  is  decomposed 
by  the  affusion  of  water  : not  more  than  two-thirds  of  the 
camphor  operated  on,  however,  is  recovered  : the  remain- 
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ing  quantity  appears  to  exist  in  the  state  of  an  acid,  with 
nitric  acid  in  the  watery  liquid.  By  the  greater  number 
of  the  other  acids  camphor  is  dissolved.  Muriatic  acid 
gas  and  fluoric  acid  gas  dissolve  it,  and  form  a combina- 
tion which  is  decomposed  by  water ; liquid  muriatic  acid, 
as  well  as  acetic  acid,  effect  its  solution;  and  Bergius  found, 
that  water  impregnated  with  carbonic  acid  dissolves  a larger 
portion  of  it  than  pure  water  *. 

By  distilling  nitric  acid  from  camphor,  it  is  converted 
into  a peculiar  acid,  which  has  received  the  name  of  Cam- 
phoric acid.  The  process  consists  in  distilling  from  4* 
ounces  of  camphor  in  a retort,  1 lb.  ot  nitric  acid,  so  far 
diluted  as  to  be  of  the  specific  gravity  of  1.33,  the  heat 
being  gradually  applied  by  a sand-bath  : nitric  oxide  and 
carbonic  acid  gases  are  disengaged ; part  of  the  camphor 
rises  in  vapour,  while  the  other  part  receives  oxygen  from 
the  acid.  When  the  vapours  have  ceased,  the  camphor 
condensed  in  the  receiver  is  returned  into  the  retort,  an- 
other pound  of  acid  is  added,  and  the  distillation  is  renew- 
ed. This  is  repeated,  until  all  the  camphor  is  acidified. 
According  to  Lagrange,  about  5 pounds  of  nitric  acid  are 
required  to  acidify  4 ounces  of  camphor  f.  The  campho- 
ric acid  crystallizes  in  the  remaining  liquid.  The  crystals 
being  placed  on  a filtre,  are  washed  with  distilled  water, 
to  carry  off'  any  nitric  acid.  They  amount  to  nearly  half 
the  w'eight  of  the  camphor. 

Camphor  may  be  decomposed  by  heat:  and  the  experi- 
ment is  instructive,  as  pointing  out  the  nature  of  this  prin- 
ciple. Some  management  is  requisite  to  submit  it  to  a heat 
sufficiently  high,  and  yet  prevent  its  volatilization.  The 
process  followed,  is  to  mix  it  with  pure  clay  : six  parts  of 
clay  being  taken  to  one  of  camphor  : both  are  reduced  to 
powder,  and  intimately  mixed : and  the  mixture  is  made 


* Materia  Medica,  p.  520. 

'1  Nicholson’s  Journal,  4to,  vol.  ii.  p.  157. 


OF  CAMPHOE. 


1S3 


into  a paste  with  water,  which  is  made  into  small  balls,  and 
well  dried.  These  are  heated  in  a retort  connected  with  a 
receiver  containing  distilled  water.  Part  of  the  camphor 
is  sublimed,  but  the  greater  part  is  decomposed  ; an  oily 
fluid  distils  over,  which  swims  on  the  surface  of  the  water  ; 
a portion  of  camphoric  acid  is  produced,  which  the  water 
dissolves,  and  there  remains  in  the  retort  a quantity  of  char- 
coal mixed  with  the  clay ; there  are  also  disengaged  car- 
buretted  hydrogen,  and  carbonic  acid  gases.  Four  ounces 
of  carbon  yield,  according  to  Lagrange,  12  drachms  of  oil, 
and  8 drachms  of  charcoal,  besides  the  camphoric  acid  and 
aerial  fluids  *. 

The  oil  of  camphor,  as  this  product  of  the  decomposition 
has  been  named,  is  of  a golden  yellow  colour ; has  an  aro- 
matic odour,  and  an  acrid  burning  taste,  leaving  a sense 
of  coolness  on  the  tongue.  It  is  volatile  : when  exposed 
to  the  air  it  evaporates  partially,  and  there  remains  a thick 
yellow  matter,  which  at  length  also  evaporates.  It  is  vo- 
latilized by  heat,  and  is  inflammable.  Alkohol  dissolves 
it,  and  the  solution  is  rendered  milky,  on  the  affusion  of 
water.  It  combines  with  the  alkalis,  affording  a compound 
soluble  in  water,  and  which  has  the  characters  of  the  soap 
made  with  volatile  oils. 

This  substance  has  evidently  the  properties  of  a volatile 
oil ; and  hence  its  production  from  the  decomposition  of 
the  camphor,  points  out  the  chemical  constitution  of  this 
principle.  As  it  is  resolved  into  this  oil  and  into  charcoal, 
or  compounds  containing  carbon,  it  is  obvious,  that  it  dif- 
fers from  the  volatile  oils  principally  in  the  larger  quantity 
of  carbon  which  enters  into  its  composition. 

It  has  already  been  stated,  under  the  history  of  the  com- 
pounds of  carbon  and  hydrogen,  that  the  vapour  of  cam- 
phor transmitted  through  an  ignited  glass  tube,  is  resolved 
into  a species  of  oxy-carburetted  hydrogen  gas,  of  greater 
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specific  gravity  than  the  other  gases  of  this  family;  which 
consumes  a large  quantity  of  oxygen  in  its  combustion, 
and  affords  a large  proportion  of  carbonic  acid : it  con- 
tains, therefore,  a large  quantity  of  carbon. 

Camphoric  acid  produced  by  the  decomposition  of  cam- 
phor, either  by  heat  or  by  the  action  of  nitrous  acid,  by 
the  preceding  processes,  has  some  resemblance  to  Benzoic 
acid ; but  Lagrange,  in  a memoir  on  this  subject  *,  and 
afterwards'Bucholzf,  have  pointed  out  essential  differences 
of  properties.  It  has  an  acid  bitter  taste,  and  reddens  in- 
fusion of  litmus.  Its  crystals  are  plumose  and  white;  they 
effloresce  on  exposure  to  the  air  : they  require  100  parts  ot 
cold  water  for  their  solution,  but  not  more  than  10  parts 
of  boiling  water.  Alkohol  dissolves  its  own  weight  of  this 
acid,  and  with  the  aid  of  heat  one  half  more.  When  the 
acid  is  placed  on  ignited  fuel,  it  emits  a dense  aromatic 
vapour,  and  is  dissipated.  By  applying  heat  to  it  in  close 
vessels,  it  melts  and  sublimes;  by  a higher  heat  its  proper- 
ties are  changed  ; it  no  longer  reddens  litmus,  it  acquires 
an  aromatic  smell,  its  taste  is  less  penetrating,  and  it  is  no 
longer  soluble  in  water. 

The  salts  formed  by  this  acid  are  named  Camphorates. 
Their  taste  is  bitter:  the}?  are  decomposed  by  heat,  the 
acid  being  sublimed ; and  they  exhibit  a blue  flame  when 
heated  before  the  blowpipe.  Camphorate  of  potash  is 
white  and  transparent ; is  sparingly  soluble  in  cold,  but 
abundantly  soluble  in  boiling  water,  and  crystallizes  from 
its  hot  solution.  It  is  also  soluble  in  alkohol.  It  is  slight- 
ly deliquescent  in  a humid  atmosphere ; is  fused,  and  de- 
composed by  heat,  and  burns  with  a blue  flame.  Cam- 
phorate of  soda  is  less  soluble  either  in  cold  or  warm  wa- 
ter : its  crystals  are  not  regular ; they  are  white  and  trans- 
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parent,  and  have  a bitterish  taste;  are  slightly  efflorescent ; 
soluble  in  alkohol.  Camphorate  of  ammonia  is  not  easily 
crystallized  : its  solution,  evaporated  by  a gentle  heat,  giv- 
ing a solid  matter,  not  transparent,  which  has  nearly  the 
same  solubility  as  the  camphorate  of  potash.  It  is  deli- 
quescent, and  soluble  in  alkohol.  Camphorate  of  lime  re- 
mains in  solution  when  formed  by  adding  the  acid  to  lime- 
water.  According  to  Bucholz,  it  dissolves  in  five  parts  of 
cold  water.  By  evaporation  it  crystallizes  in  plates,  of  a 
white  colour ; which  are  efflorescent : it  is  insoluble  in  al- 
kohol. The  camphorate  of  barytes  is  obtained  by  evapo- 
ration, in  crystalline  plates.  It  is  very  sparingly  soluble 
in  w ater ; is  not  altered  from  exposure  to  the  air.  Its  taste 
is  slightly  bitter.  Camphorate  of  magnesia,  prepared  by 
adding  camphoric  acid  to  carbonate  of  magnesia  diffused  in 
water,  is  deposited,  after  evaporation,  in  crystalline  plates, 
white,  opaque,  and  slightly  efflorescent.  Its  taste  is  bit- 
ter; it  is  very  sparingly  soluble  in  water  and  in  alkohol. 
Camphorate  of  argil,  prepared  by  a similar  process,  is  de- 
posited, on  evaporation  and  cooling,  in  a white  powder, 
having  a taste  somewhat  bitter  and  styptic.  It  is  soluble 
in  about  200  parts  of  cold  water,  and  in  a less  quantity  of 
boiling  water.  It  is  also  sparingly  soluble  in  alkohol.  It 
is  decomposed  by  heat,  and,  like  the  other  camphorates, 
burns  with  a blue  flame. 


Camphor  has  been  supposed  to  be  capable  of  being  ar- 
tificially formed.  Kind,  a German  chemist,  in  forming  a 
medicinal  preparation,  bypassing  muriatic  acid  gas  through 
oil  of  turpentine,  observed  that  “ the  oil  acquired  a brown 
colour  ; and  after  cooling,  the  liquor  was  almost  wholly 
coagulated  into  a crystalline  mass,  which  in  every  respect 
comported  itself  like  camphor.”  He  farther  remarked, 
that  though  a similar  production  of  camphor  had  not  been 
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before  noticed,  yet  Meyer  speaks  of  a concretion  of  a cam- 
phoric nature,  formed  in  oil  of  turpentine,  digested  with 
dry  caustic  salt ; and  TrommsdorfF  observed  a formation 
of  camphor,  on  distilling  essential  oils  on  lime. 

TrommsdorfF  repeated  Kind’s  experiment,  and  obtained 
similar  results.  A concrete  matter  was  procured,  which, 
when  dry,  was  white  and  semi-transparent:  its  odour  was 
strong,  and  analogous  to  that  of  camphor.  When  heated, 
it  is  volatilized,  without  any  residuum  : in  close  vessels  it 
sublimed  ; in  the  open  air  its  vapour  inflamed.  It  was  dis- 
solved by  alkohol,  and  was  precipitated  unaltered  by  water. 
It  dissolved  with  facility  in  almond  oil.  Concentrated  ni- 
tric acid  effected  its  solution,  at  first  calmly,  but  afterwards 
with  a disengagement  of  nitric  oxide  gas.  The  mixture 
became  turbid  by  the  addition  of  w'ater,  but  did  not  de- 
posite  camphor, — the  only  circumstance  attending  these 
experiments  in  which  this  substance  differed  from  common 
camphor,  and  which  TrommsdorfF  supposed  might  be  ow- 
ing to  the  presence  of  a little  muriatic  acid,  or  oil  of  tur- 
pentine. 

These  experiments  were  repeated  by  Boullay,  in  con- 
junction with  Cluzel  and  Chomet,  who  added  several  facts 
connected  with  this  artificial  formation  of  camphor 

From  four  pounds  of  oil  of  turpentine,  put  into  the  first 
bottle  of  Woolfe’s  apparatus,  and  submitted  to  the  action 
of  the  quantity  of  muriatic  acid  gas  disengaged  from  four 
pounds  of  sea-salt  and  two  pounds  of  sulphuric  acid,  they 
obtained  twenty  ounces  of  a crystalline  matter : on  the  li- 
quid having  stood  several  days,  four  ounces  more  were  de- 
posited ; and  on  exposing  it  to  intense  cold,  two  ounces 
more  were  obtained,  thus  affording,  on  the  whole,  seven 
ounces  and  a half  of  this  matter  for  each  pound  of  oil  of 
turpentine  employed. 

This  matter,  washed  in  distilled  water,  became  of  a 
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beautiful  white  colour : it  gave  no  signs  of  acidity,  but  had 
an  odour  of  turpentine.  When  washed  with  water  having 
dissolved  in  it  carbonate  of  potash,  it  lost  much  of  this 
odour.  When  mixed  with  an  equal  quantity  of  charcoal 
powder,  of  quicklime,  or  of  dry  argil,  and  sublimed,  a 
mass  of  needle-formed  crystals  was  obtained.  Thus  puri- 
fied, it  lost  the  smell  of  oil  of  turpentine,  and  had  one 
analogous  to  that  of  camphor,  but  not  so  strong.  It  swims 
on  water,  and  communicates  to  it  its  taste:  it  is  dissolved 
in  alkohol,  from  which  it  is  separated  by  water  unaltered. 

So  far  in  its  properties  it  is  the  same  with  natural  cam- 
phor : in  others,  however,  it  is  different.  Nitric  acid  di- 
luted, which  dissolves  common  camphor,  had  no  effect  on 

it.  The  concentrated  acid  had  at  first  no  action  on  it ; but, 

after  a few  seconds,  a solution  is  effected,  nitric  oxide  gas 
being  disengaged  ; while  the  same  acid  dissolved  common 
camphor,  diffusing  white  vapours.  Neither  did  acetic  acid, 
which  dissolves  common  camphor,  act  upon  this  artificial 
substance  in  the  cold.  On  applying  heat,  it  softened,  and 
seemed  to  dissolve  it;  but,  on  cooling,  it  was  collected  un- 
altered on  the  surface  of  the  acid. 

T.  he  I rench  chemists  found,  that  when  oil  of  turpentine 
was  kept  for  three  days  in  a sand-bath,  the  temperature  of 
which  was  about  120°,  a light  and  volatile  oil  was  con- 
densed in  the  receiver,  and  in  the  capital  many  small  crys- 
tallizations of  camphor  ; but  they  conclude,  that  although 
this  appears  to  prove  that  camphor  exists  in  this  oil,  it  could 
not  have  contained  so  large  a quantity  as  that  obtained  by 
the  action  of  muriatic  acid  gas  on  the  oil ; part  at  least, 
therefore,  of  which  must  have  been  formed  during  the  pro- 
cess. 1 he  other  volatile  oils  afforded  no  camphor  when 
subjected  to  the  action  of  muriatic  acid  gas. 

Thenard  more  lately  submitted  these  products  to  exa- 
mination. Kind  had  supposed,  that  the  acid  caused  the 
formation  of  the  camphor,  by  determining  the  combina- 
tion of  the  hydrogen  and  oxygen  of  the  oil,  so  as  to  leave 
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carbon  predominant.  Gehlen  advanced  a different  theoiy. 
Observing  that  only  a part  of  the  oil  is  converted  into  this 
product,  the  remainder  forming  a brown  liquor  of  great 
acidity,  and  that  not  only  this  liquor,  but  also  the  crystal- 
lized matter,  contains  muriatic  acid,  he  concluded,  that 
the  greater  part  of  the  hydrogen  of  the  oil  combines  with 
a small  quantity  of  carbon,  and  with  a certain  proportion 
of  the  muriatic  acid,  to  form  the  concrete  camphor ; the 
remaining  principles  of  the  oil  combining  with  the  rest  ol 
the  acid,  and  forming  the  dark-coloured  liquid.  1 henard 
repeated  his  experiments.  The  concrete  matter,  he  found, 
lost,  on  exposure  to  the  air,  the  property  of  reddening  lit- 
mus, and  it  yielded  only  very  minute  quantities  of  acid  when 
washed  with  alkaline  solution  ; yet  when  it  was  sublimed, 
acid  was  separated  from  it;  and  a still  larger  quantity  was 
evolved  when  it  passed  through  an  ignited  tube.  He  sup- 
posed, therefore,  that  the  camphoric  concretion  is  merely 
a compound  of  the  essential  oil  and  of  a portion  of  the 
acid.  He  had  obtained  a similar  product  from  the  action 
of  muriatic  acid  on  other  essential  oils,  as  those  ol  lemon 
and  lavender ; and  he  supposes  that  the  camphor  occa- 
sionally deposited  from  some  of  these  oils,  and  even  the 
camphor  of  the  laurus  camphor  a,  may  be  a compound  ol 
essential  oil  with  a vegetable  acid  *. 

No  very  satisfactory  proof  is  given  by  1 henard  ol  his 
theory  of  the  nature  of  these  combinations ; and  there  is 
more  probability  a priori  in  the  supposition,  that  the  oil 
should  suffer  some  degree  of  decomposition  by  the  action 
of  the  acid,  than  that  it  should  merely  combine  with  it.  It 
appears  to  be  established,  however,  by  the  experiments 
both  of  Gehlen  and  Thenard,  that  this  product  contains 
a portion  of  acid,  either  combined  with  the  entire  oil,  or 
with  its  principles  in  certain  proportions  ; and  if  natural 
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camphor  do  not  contain  any  acid,  there  remains  the  sin- 
gularity of  a product  so  analogous  to  it,  being  formed  by 
a combination  of  muriatic  acid  with  vegetable  matter. 

O 


Sect.  XII. — of  resjn. 

The  principle  to  which  this  name  is  given,  is  one  of 
those,  the  characters  of  which  are  most  distinct  and  ob- 
vious. It  is  often  in  combination  with  some  of  the  other 
principles,  particularly  with  gum,  essential  oil,  and  extract. 
But  there  are  vegetables  which  exude  juices  that  concrete 
into  a matter  entirely  resinous,  and  it  is  from  these  that  the 
characters  of  the  species  are  taken.  The  essential  charac- 
ters— are  existing  in  the  solid  form,  being  insoluble  in  wa- 
ter, but  soluble  in  alkohol,  and  in  essential  and  expressed 
oils,  and  being  incapable  of  being  volatilized  without  de- 
composition. 

The  resinous  juices  obtained  by  spontaneous  exudation, 
or  from  incisions  in  the  vegetables  affording  them,  contain 
a portion  of  essential  oil,  which,  from  exposure  to  the  air, 
is  either  volatilized,  or  changed  so  as  to  be  converted  into 
resinous  matter,  or  sometimes  the  oil  is  abstracted  by  dis- 
tillation. When  combined  with  gum  or  extract,  it  can 
only  be  separated  by  a chemical  process ; and  the  usual 
one  is,  to  dissolve  the  resinous  matter  by  alkohol,  and  pre- 
cipitate it  by  the  affusion  of  water. 

Resins,  when  concrete,  are  brittle,  and  have  a smooth 
and  conchoidal  fracture  ; their  lustre  is  peculiar;  they  are 
more  or  less  transparent,  and  of  a colour  usually  yellow 
or  brown  : they  are  often  odorous  and  sapid,  though  some 
resins  are  insipid  and  inodorous. 

Resins  are  fusible,  and  melt  from  a moderate  heat. 
They  are  not  volatile : for  although,  when  strongly  heat- 
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ed,  a vapour  arises  from  them,  this  is  either  from  a portion 
of  volatile  oil  which  has  adhered  to  the  resinous  matter,  or 
is  the  result  of  decomposition.  They  are  inflammable,  and 
afford  in  their  combustion,  water,  carbonic  acid,  and  a 
dense  smoke  which  condenses  into  a fine  charcoal.  \\  hen 
subjected  to  decomposition  by  heat  in  close  vessels,  they 
afford  water,  a portion  of  acid,  carburetted  hydrogen  and 
carbonic  acid  gases,  and  a residuum  of  charcoal.  They 
are,  therefore,  compounds  of  carbon,  hydrogen,  and  oxy- 
gen. The  volatile  oils  appear  to  be  convertible  into  resins 
by  long  exposure  to  the  atmosphere ; but  it  is  not  evident 
whether  this  is  owing  to  the  oxygen  combining  with  the 
entire  principles  of  the  oil,  or  with  its  hydrogen,  forming 
water,  and  leaving  the  oil  with  an  enlarged  proportion  of 
carbon  and  oxygen. 

From  the  analysis  of  resins  by  Gay  Lussac  and  Thenard, 
it  appears  that  they  resemble  the  oils  in  containing  more 
hydrogen  in  proportion  to  the  oxygen,  than  that  propor- 
tion of  these  elements  which  constitutes  water.  The  pro- 
portions of  the  resin  of  turpentine,  they  state  at  75.94-4-  oi 
carbon,  13.337  of  oxygen,  and  10.719  of  hydrogen.  The 
proportions  of  the  resin  of  copal  are  7G.811  of  carbon, 
10.606  of  oxygen,  12.583  of  hydrogen. 

All  the  resins  are  insoluble  in  water,  and  arc  not  affect- 
ed by  this  fluid.  Neither  do  they  suffer  alteration  from 
exposure  to  the  air ; hence  from  both  qualities,  they  arc 
used  as  the  basis  of  varnishes,  with  which  the  surfaces  of 
substances  are  covered,  that  require  to  be  protected  from 
the  action  of  air  and  humidity.  In  a very  humid  atmo- 
sphere, however,  they  become  soft. 

Resins  are  soluble  in  alkohol ; some  of  them  more  spar- 
ingly than  others.  Those  which  are  most  difficultly  so- 
luble, have  their  solubility  promoted  by  the  addition  of 
camphor.  Their  solutions  are  decomposed  by  water,  and 
the  resinous  matter  is  precipitated.  They  are  soluble  like- 
wise in  ether,  and  in  volatile  and  expressed  oils  ; camphor 
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exerts  a marked  action  on  them ; when  beat  with  any  resin 
or  gum-resin,  it  renders  it  soft  and  nearly  liquid. 

Resins  combine  with  the  alkalis.  Mr  Hatchet,  in  exa- 
mining the  substance  known  by  the  name  of  Lac  *,  which 
consists  principally  of  resin,  found,  that  it  was  completely 
soluble  in  solutions  of  potash  and  soda,  forming  sapona- 
ceous compounds,  which  are  decomposed  by  acids,  and 
the  resins  again  precipitated.  And  he  found,  that  other 
resins  gave  similar  results.  Facts  of  this  kind  had  been 
known  to  the  older  chemists  : thus  copal,  which  of  all  the 
resins  seems  to  be  least  easily  acted  on,  was  known  to  be 
dissolved  by  pure  alkalis,  the  solution  being  precipitated 
by  acids  f : and  common  resin  enters  in  considerable  quan- 
tity into  the  composition  of  the  coarser  soaps.  The  alka- 
line carbonates,  and  even  salts,  having  a slight  excess  of 
alkali,  as  common  borax,  exert  a similar  action,  only  less 
energetic.  The  solvent  action  of  ammonia  on  the  resins, 
is  not  so  complete  as  that  of  the  fixed  alkalis. 

Resins  are  soluble  in  some  of  the  acids,  and  by  others 
are  decomposed.  On  this  subject  the  most  accurate  infor- 
mation is  to  be  derived  from  Mr  Hatchet’s  experiments  f . 
Sulphuric  acid  poured  on  any  resin  in  powder,  dissolved 
it,  he  found,  in  a few  minutes : the  solution  being  trans- 
parent, of  a yellowish  brown  colour,  and  an  oily  appear- 
ance : progressive  alterations  take  place  in  the  dissolv- 
ed matter  : the  principal  product  of  which  in  a certain 
stage  ot  the  process,  is  a substance  which  has  the  proper- 
ties of  the  vegetable  principle  named  Tannin  ; this,  too,  is 
changed  by  the  continued  action  of  the  acid,  and  is  ulti- 
mately converted  into  charcoal.  Nitric  acid  acts  on  re- 
sins ; it  does  not  dissolve  them  ; but,  as  Mr  Hatchet  re- 
marks, decomposition  to  a certain  degree  precedes  solu- 
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tion : it  first  converts  the  resinous  matter  into  a pale 
orange-coloured,  brittle}  porous  substance}  then  into  3 
product  which  has  the  intermediate  characters  of  vegetable 
extractive  matter  and  of  resin  ; and,  lastly,  into  a variety 
of  the  tanning  substance. 

There  is  one  acid  which  appears  to  be  a direct  solvent 
of  resins,  without  materially  altering  their  composition,— 
the  acetic  acid.  Mr  Hatchet  observed  its  solvent  power, 
in  his  analysis  of  lac ; the  whole  of  the  resin  ol  that  sub- 
stance being  dissolved  by  it,  with  the  assistance  ot  heat,  a 
portion  being  deposited  as  the  liquid  cooled,  and  a part, 
remaining  dissolved,  which  was  precipitated  by  water. 

A number  of  resinous  substances  are  met  with  in  com- 
merce, being  used  in  medicine  or  the  arts ; such  as  copal, 
sandarach,  mastic,  dragon’s  blood,  elemi,  and  the  resins 
obtained  from  the  juices  of  the  different  species  ol  pine. 
These,  though  a general  analogy  exists  among  them,  differ 
somewhat  in  their  chemical  properties,  so  as  to  lead  them 
to  be  regarded  as  varieties  of  one  chemical  species.  They 
hence  require  some  separate  notice. 

The  juices  of  different  species  of  Pine  consist  principal- 
ly of  essential  oil  and  resin  ; and  in  different  states  of  pre- 
paration give  rise  to  the  varieties  of  Turpentine,  Resin, 
Tar,  and  Pitch  *.  The  native  juices,  obtained  from  inci- 
sions in  the  trunk  or  branches,  have  received  the  common 
name  of  Turpentine.  Common  turpentine  is  procured 
from  the  Pinus  sylvestris : Venice  turpentine,  which  is 
thinner,  and  contains  more  essential  oil,  is  from  the  Pinus 
larix : Strasburg  turpentine  is  the  produce  of  the  Pinus 
piceea:  Canadian  Balsam  is  a finer  turpentine  obtained 
from  the  Pinus  balsamea.  When  these  turpentines  are 
submitted  to  distillation  with  the  addition  of  water,  the 
essential  oil  distils  over,  forming  the  oil  of  turpentine  ot 
commerce.  The  resinous  matter  remains,  and  is  the  com- 
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aion  or  yellow  Resin  of  the  shops.  When  the  juice  is 
melted  from  the  wood  of  the  tree,  by  the  application  of 
heat,  it  undergoes  some  decomposition  ; the  wood  also  is 
chaired;  hence  the  product  is  a dark-coloured  resinous 
liquid,  consisting  principally  of  empyreumatic  oil,  resin, 
and  acetic  acid.  This  constitutes  Tar.  This,  when  in- 
spissated by  boiling,  forms  Pitch. 

Sandarach  is  the  produce  of  the  Juniperus  communis. 
It  is  in  small  round  fragments,  of  a yellowish  colour,  semi- 
transparent, and  brittle,  having  a slight  odour,  and  scarce- 
ly any  taste.  It  is  soluble  in  alkohol,  and  is  used  in  the 
composition  ol  some  ot  the  spirit  varnishes : it  is  not  so- 
luble in  oil  or  melted  tallow,  in  which  it  differs  from  resins. 

Mastich  is  the  produce  of  the  Pistacia  lentiscus : it  is 
m small  rounded  masses,  of  a yellowish  colour,  semi-trans- 
parent.; has  scarcely  any  taste,  and  its  smell  is  perceptible 
only  when  it  is  heated.  It  is  soluble  in  alkohol,  but  not 
entirely.  Mr  Matthews  found,  that  nearly  a fifth  pare 
remains  undissolved  : this  residual  matter,  after  repeated 
washings  with  alkohol,  is  white,  elastic,  adhesive,  and  in- 
flammable, and  seems  to  approach  to  caoutchouc  in  che- 
mical properties  * It  differs  from  it,  as  Mr  Brande  has 

remarked,  in  becoming  hard  when  dried,  by  exposure  to 
the  air. 

Copal  is  a resin  possessed  of  peculiar  properties,  and 
valuable,  as  forming  the  finest  varnishes.  It  is  the  pro- 
duce of  the  Rhus  copallinum,  a native  of  Mexico : it  is 
m rounded  masses,  smooth  and  brittle,  transparent,  or 
nearly  so,  without  colour,  or  having  only  a slight  tinge  of 
yellow : its  taste  is  weak,  and  it  has  scarcely  any  smell  : 
w en  chewed,  it  does  not  become  tough,  as  mastich  does  : 
it  is  fusible,  inflammable,  and  insoluble  in  water  The 
properly  in  which  it  differs  from  the  greater  number  of  re- 
sins,  ts  its  very  sparing  solubility  in  alkohol : when  digest* 
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cd  in  that  fluid,  with  the  assistance  of  heat,  part  of  it  as- 
sumes the  appearance  of  an  opaque,  soft,  viscous  mass ; a 
small  portion  only  is  dissolved,  and  the  greater  part  of  tins 
subsides  as  the  liquid  cools.  It  affords  the  best  varnish, 
and  hence  a number  of  experiments  have  been  made  to 
discover  a proper  solvent  of  it.  Camphorated  alkohol 
dissolves  the  greater  part  of  it ; and  a perfect  solution  is 
obtained,  when  camphor  and  copal  are  put  together  intc> 
alkohol,  owing  to  the  peculiar  action  which  camphor  ex- 
erts on  all  the  resins.  It  is  not  soluble  by  digestion  in  ex- 
pressed oils ; but  if  it  be  melted,  and  the  oil  be  dropt  on 
it,  it  is  dissolved  both  by  fixed  and  volatile  oils.  By  oil 
of  turpentine,  it  is  converted  into  a soft  viscid-like  sub- 
stance ; and  if  the  oil  be  old,  it  acts  more  powerfully  on 
the  copal  than  when  recent.  Other  oils,  as  those  oi  rose- 
mary and  lavender,  dissolve  it  in  the  cold.  And  as  these 
three  oils,  especially  when  long  kept,  appear  generally  to 
contain  camphor,  it  is  probable  that  it  promotes  the  solu- 
tion of  the  copal. 

Elemi  is  a resin  little  used.  It  is  the  produce  of  the 
Amyris  elemifera  ; is  in  large  solid  masses,  ol  a variegated 
greenish  colour,  and  semi-transparent.  It  is  fusible,  in- 
flammable, soluble  in  alkohol,  and  partially  soluble  in  ex- 
pressed and  essential  oils. 

Animi,  the  produce  of  the  Hymenaea  courbaril,  is  a re- 
sin which,  in  its  external  appearance,  has  a strong  resem- 
blance to  copal,  and  is  often  sold  for  it,  or  mixed  with  the 
real  copal : it  is  distinguished  by  having  more  of  a yellow 
tinn-e,  by  becoming  somewhat  ductile  when  masticated,  and 
being  more  easily  soluble  in  alkohol,  and  in  essential  or 
expressed  oils. 

The  resin,  named  Dragon’s  Blood,  is  obtained  from  the 
Pterocarpus  draco,  and  from  some  other  plants.  It  is  of 
a red  colour,  and  variegated  texture,  opaque,  hard,  and 
friable;  without  taste  or  smell.  It  is  fusible,  inflammable, 
and  soluble  in  alkohol,  giving  to  it  a deep  red  colour. 
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i he  substance  known  by  the  name  of  Lac  is  produced 
by  an  insect,  which  deposites  it  on  the  branches  of  certain 
trees  in  India,  formed  into  cells,  which  appear  designed  as 
an  envelope  for  its  young.  It  is  imported  into  Europe  in 
diffeient  states,  stick  lac,  which  is  the  substance  in  its  na- 
tuial  state;  seed  lac,  in  which  it  is  reduced  into  small 
grains  by  pounding,  and  from  which  part  of  the  colouring 
matter  appears  to  have  been  extracted  by  boiling;  and 
shell  lac,  which  is  prepared  from  the  natural  lac,  by  lique- 
lymg,  straining,  and  forming  it  into  thin  plates,  and  which 
contains  least  of  the  colouring  matter.  The  lac,  freed  from 
the  insect  involved  in  it,  has  all  the  characters  of  vegetable 
matter,  and  is  probably  not  formed,  but  deposited  by  the 
animal  which  produces  it.  Mr  Hatchet  found  it  to  con- 
sist of  resin,  with  colouring  extract,  vegetable  gluten,  and 
wax  ; the  different  varieties  giving  the  following  propor- 
tions * : 


Resin. 

Extract. 

Wax. 

Gluten. 

68 

10 

6 

5.5 

88.5 

2.5 

4.5 

2 

90.9 

0.5 

4 

2.8 

qualities 

of  the  lac 

are  derived  from  the  re- 

Stick  lac, 
Seed  lac, 
Shell  lac, 


sin.  Alkohol  dissolves  this,  forming  in  the  cold  a trans- 
parent solution  ; but  if  it  be  heated,  the  solution  is  turbid. 
Ether  acts  less  powerfully  on  it.  Water  acquires  a crimson 
colour,  more  or  less  deep,  according  to  the  proportion  of 
colouring  matter.  The  stronger  acids,  as  the  sulphuric 
and  nitric,  decompose  it.  Muriatic  acid  dissolves  its  co- 
louring matter,  and  gluten ; acetic  acid  dissolves  the  whole 
of  it,  except  the  wax.  The  alkalis  and  alkaline  carbonates 
dissolve  it,  forming  saponaceous  solutions ; and  it  is  also 
rendered  soluble  by  borax.  Lac  is  used  in  dyeing,  and 
the  preparation  of  paints  ; a solution  of  it  in  water,  *by  the 
medium  of  borax,  is  the  basis  of  the  Hindoo  ink,  and  may 
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be  used  as  a varnish.  It  enters  into  the  composition  oi  the 
common  spirit  varnishes,  and  is  employed  in  the  formation 
of  sealing  wax. 

Besides  the  substances  now  described,  which  are  nearly 
pure  resins,  resinous  matter  exists  in  combination  with  other 
proximate  principles  of  vegetables,  and  is  also  contained  ill 
the  leaves,  bark,  and  other  parts  of  plants.  The  medici- 
nal powers  of  a number  of  important  articles  ot  the  Mate- 
ria Medica  depend  on  a resinous  principle  in  these  states. 

The  principal  use  of  the  resins  is  in  the  formation  ol  var- 
nishes : which  consist  of  resin  in  a state  of  solution.  They 
are  named  Oil  or  Spirit  Varnishes,  as  oil  or  spirit  is  the 
solvent.  The  oil  may  be  either  expressed  or  volatile.  Ot 
the  former,  the  drying  linseed  oil  is  generally  employed  ; 
of  the  latter,  oil  of  turpentine.  A varnish  with  the  first 
is  prepared  by  boiling  the  finer  kind  of  common  resin  with 
a portion  of  mastich  in  linseed  oil ; and  to  this  a portion 
of  oil  of  turpentine  is  usually  added,  which  accelerates  the 
drying  of  the  varnish.  Copal  is  also  used  in  the  composi- 
tion of  these  fat  varnishes.  These  solutions  ol  copal  or 
mastich  have  been  recommended  for  mixing  with  colours 
to  be  used  in  painting,  the  tints  ol  colour  being  less  in- 
jured, retaining  their  brilliancy  longer,  and  not  being  so 
liable  to  be  acted  on  by  any  solvent,  as  when  the  colours 
are  mixed  merely  with  the  drying  oils  *.  Varnish  with  oil 
of  turpentine  alone  is  prepared  by  dissolving  in  this  oil 
the  requisite  proportion  of  mastich.  It  a finer  varnish  ot 
this  kind  is  required,  it  is  formed  from  copal ; but  it  has 
always  been  found  difficult  to  dissolve  the  copal  completely 
in  the  oil.  Different  methods  have  been  proposed ; that 
by  the  medium  of  camphor  appears  to  be  the  best.  This 
varnish  is  colourless  and  durable,  and  answers  well  for  var- 
nishing pictures.  Spirit  varnishes  have  the  advantage  over 
oil  varnishes,  of  drying  more  speedily,  but  they  are  liable 
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to  split,  and  scale  off.  The  alkohol  requires  to  be  highly 
rectified : the  resins  employed  are  mastich,  sandarach,  lac, 
and  copal ; and  frequently  mixed  together.  A colourless 
varnish  is  obtained,  by  dissolving  mastich  or  sandarach  in 
alkohol ; a portion  of  turpentine  being  added,  to  render 
the  varnish  less  brittle.  T.  he  solution  of  copal,  however, 
is  preferable,  as  being  colourless  ; but  there  is  with  regard 
to  it  the  same  difficulty  of  dissolving  it  in  alkohol  as  in  es- 
sential oils ; and  to  promote  its  solution,  camphor  is  in  this 
case  also  the  best  medium  *.  Another  mode  of  preparing 
copal  varnish  is  to  dissolve  it  in  oil  of  rosemary,  and  add 
alkohol  to  the  solution  gradually,  a few  drops  only  being- 
added  at  a time.  The  incorporation  of  the  viscid  solution 
of  the  oil  with  the  alkohol  is  thus  effected,  and  by  farther 
dilution  a colourless  varnish  is  obtained  f.  Lac  forms  a 
varnish  which  is  coloured,  and  is  hence  used  only  in  those 
cases  where  the  colour  is  of  no  importance,  or  is  of  advan- 
tage, as  in  lackering  brass,  or  in  laying  on  a coloured 
ground.  Amber  is  sometimes  used  with  a similar  view. 

From  the  combination  of  lac  with  Venice  turpentine, 
sealing  wax  is  formed.  Four  parts  of  lac  are  melted  with 
two  of  turpentine,  and  two  of  resin ; and  the  composition 
is  coloured  red  by  the  addition  of  one  part  of  cinnabar  and 
one  of  red  lead,  or  black,  by  the  addition  of  lamp-black. 


The  name  of  Gum-resin  has  been  given  to  a number 
of  vegetable  products,  supposed  to  consist  of  gum  and  re- 
sin. rI  heir  nature,  however,  is  not  very  well  determined  ; 
they  usually  contain  a matter  that  seems  to  be  resinous ; 
the  existence  of  gum  in  them  is  more  doubtful.  A num- 


* Nicholson’s  Journal,  4to,  vol.  iii.  p.  447. 
t I hid.  Svo,  vol.  ix.  and  vol.xxiv.  p.  67.  j and  Aikia’s  Chemi- 
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ber  of  medicinal  substances,— such  as  aloes,  ammoniac,  as- 
safoetida,  euphorbium,  galbanum,  gamboge,  myrih,  saga- 
penum,  and  scammony,  are  ot  this  kind,  f hey  are  solid, 
generally  brittle  and  opaque ; have  a strong  smell,  and  a 
pungent  or  bitter  taste.  They  appear  to  contain  various 
proportions  of  resin.  1 hey  also  often  contain  extractive 
matter.  Braconnot  has  given  the  analysis  of  a number  ot 
them  * ; and  besides  these  principles,  has  found  in  some 
of  them  portions  of  wax  and  of  vegetable  gluten.  Aloes, 
which  has  usually  been  ranked  as  a gum -resin,  he  found 
neither  to  afford  gum  nor  resin,  and  he  therefore  considers 
it  as  a peculiar  principle.  Trommsdorff  however  had  found 
resin  in  it  with  what  he  named  saponaceous  extractive  mat- 
ter ; and  Lagrange  and  Vogel  concluded  from  their  expe- 
riments, that  it  consists  chiefly  ol  resin  and  extract. 

Gum-resins  differ  in  their  chemical  properties,  probably 
from  the  diversity  in  the  proportions  ol  their  immediate 
principles.  In  general  they  are  only  partially  soluble  in 
alkohol  or  in  water ; the  former  dissolving  the  resin,  the 
latter  principally  the  gummy  or  mucilaginous  part : but  in 
each  case,  part  of  the  one  principle  appears  also  to  be 
dissolved  by  the  medium  of  the  other ; probably  in  con- 
sequence ot  their  mutual  affinity ; and  those  in  which  re- 
sin predominates  are  even  entirely  soluble  in  alkohol,  while 
these  in  which  gum  or  extract  is  abundant  are  soluble  in 
water.  They  are  almost  all  entirely  soluble  in  diluted  al- 
kohol, consisting  of  equal  parts  of  alkohol  and  water  ; and 
many  of  the  tinctures  of  the  shops  are  solutions  of  this 
kind.  By  trituration  with  water  they  form  milky  mix- 
tures ; the  resin  being  suspended  by  the  medium  of  the 
other  matter.  They  are  soluble  in  alkaline  liquors,  form- 
ing solutions  somewhat  saponaceous.  rI  he  more  powerful 
acids  decompose  them,  but  from  Mr  Hatchet’s  experiments 
they  appear  to  be  less  susceptible  than  the  resins  ol  afford  • 
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ing,  by  these  decompositions,  artificial  tannin.  Nitric  acid, 
by  its  action  on  some  of  the  gum-resins,  forms  a portion 
of  what  has  been  named  the  bitter  principle. 

The  gum-resins  when  heated  soften,  and,  if  the  heat  is 
raised  sufficiently  high,  are  decomposed.  In  destructive 
distillation  they  afford  ammonia,  with  the  usual  products 
of  vegetable  matter. 

o 

The  consideration  of  the  different  sum-resins  belongs 

o o 

rather  to  materia  medica  or  pharmacy,  than  to  chemistry. 
The  medicinal  powers  of  many  vegetables  appear  to  de- 
pend on  such  combinations. 


Guaiac,  a substance  obtained  by  spontaneous  exudation 
from  the  Guaiacum  officinale,  has  been  considered  as  a 
gum-resin,  containing  a large  proportion  of  resin.  From 
Brande’s  experiments*,  it  appears  to  possess  some  chemi- 
cal properties,  indicating  a peculiarity  of  composition. 

Guaiac  is  concrete,  brittle,  and  resinous  in  its  appear- 
ance ; it  is  of  a grey  colour,  but  assumes  a greenish  co- 
lour, from  the  action  of  the  air  : it  assumes  the  same  co- 
lour in  oxygen  gas  : and  this  property  is  one  character 
which  discriminates  it  from  the  resins.  When  digested  in 
water  with  a moderate  heat,  a small  portion  is  dissolved, 
which  appears  to  be  extractive  matter,  with  a little  lime. 
Alkohol  dissolves  it,  leaving  a little  foreign  matter,  not 
exceeding  5 parts  in  100,  undissolved.  The  solution  is 
rendered  milky  by  water;  and  is  decomposed  by  different 
acids,  with  phenomena  that  are  peculiar.  Muriatic  acid 
throws  down  an  ash-coloured  precipitate : liquid  oxymu- 
riatic  acid,  one  of  a beautiful  pale  blue.  Sulphuric  acid, 
when  not  in  too  large  a quantity,  separates  the  resin  of  a 
pale  green  colour.  Nitric  acid,  diluted  with  one-fourth 
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of  its  weight  of  water,  causes  no  precipitate  until  after 
some  hours:  the  liquid  assumes  a green  colour,  and  if  wa- 
ter be  added,  a green  precipitate  may  be  obtained  : the 
green  colour  soon  changes  to  blue,  when,  by  the  same 
means,  a blue  precipitate  may  be  obtained  : it  then  be- 
comes brown,  and  a brown  precipitate  falls  down.  These 
changes  of  colour  are  peculiar  to  guaiac,  and  appear  to 
be  connected  with  changes  of  oxygenation. 

Muriatic  acid  dissolves  a small  portion  of  guaiac,  the 
solution  assuming  a deep  brown  colour.  Sulphuric  acid 
forms  with  it  a deep  red  liquid,  which,  when  fresh  prepar- 
ed, deposites  a lilac  coloured  precipitate  on  the  addition  of 
water : if  heat  be  applied,  the  resin  is  decomposed  and 
charred.  Nitric  acid  exerts  a strong  action  on  guaiac; 
even  in  the  cold  the  powder  assumes  a dark  green  colour : 
there  is  a violent  effervescence  from  the  emission  of  nitric 
oxide  gas,  and  the  whole  is  dissolved.  The  solution,  after 
it  has  stood  for  some  hours  undisturbed,  deposites  oxalic 
acid.  Diluted  nitric  acid  causes  a slight  effervescence, 
part  of  the  resin  is  dissolved,  and  the  remainder  is  con- 
verted into  a brown  substance,  which  Mr  Brande  supposes, 
is  the  last  result  of  the  oxygenation  of  guaiac.  It  has  more 
completely  the  properties  of  resin,  is  soluble  in  alkohoJ, 
and  in  ether,  which  guaiac  is  very  sparingly ; it  is  also  in- 
soluble in  water.  If  fresh  portions  of  nitric  acid  be  added 
to  it  successively,  it  becomes  equally  soluble  in  water  and 
alkohol,  and  acquires  an  astringent  bitter  taste,  forming 
probably  one  of  the  varieties  of  artificial  tannin. 

Guaiac  is  soluble  in  the  alkalis,  and  in  the  alkaline  car- 
bonates, forming  greenish  brown  liquids.  Hence  they  do 
not  precipitate  it  from  its  solution  in  alkohol. 

From  these  properties  of  guaiac  it  appears,  that  although 
it  is  similar  in  many  respects  to  resins,  it  differs  in  others : 
particularly  in  affording  extractive  matter ; in  the  changes 
of  colour  it  suffers  from  the  action  of  oxygen  and  of  acids ; 
in  being  capable  of  being  converted  into  a more  perfect 


OF  GUAIAC. 


201 


l’esin  ; in  yielding  oxalic  acid,  when  treated  by  nitric  acid  ; 
and  in  the  large  quantity  of  charcoal  and  lime  which  it 
yields  on  destructive  distillation, — differences  which  pro- 
bably arise  from  certain  peculiarities  in  the  proportions 
and  chemical  combination  of  its  elementary  principles. 


The  substances  named  Balsams,  consist  of  resin,  with 
a quantity  ot  the  vegetable  acid  named  Benzoic,  and  ge- 
nerally a portion  of  essential  oil.  The  same  remark  ap- 
plies to  them  as  to  the  gum-resins, — that  they  cannot  pro- 
perly be  regarded  as  constituting  a distinct  proximate 
principle  of  vegetables,  since  they  are  rather  a mixture  or 
combination  ot  other  known  principles.  Some  chemists 
indeed,  as  Gren,  have  supposed,  that  the  benzoic  acid 
which  they  afford  does  not  previously  exist  in  them,  but  is 
formed  in  the  process  by  which  it  is  extracted.  But  the 
various  processes  by  which  it  is  procured,  are  unfavourable 
to  this  conclusion.  It  is  separated  from  the  balsams  bv 
the  application  ot  heat,  by  boiling  or  macerating  them 
with  water,  or  witli  alkaline  solutions,  or  digesting  them 
with  acids  j and  it  is  not  very  probable,  that  agents  so  dif- 
feient  in  their  chemical  actions  should  give  rise  to  the 
formation  of  the  same  product.  The  action  of  some  of 
them,  too,  appears  not  sufficiently  energetic,  to  be  capable 
of  producing  such  an  effect.  The  heat  that  requires  to 
be  applied  to  volatilize  the  acid  from  the  balsams,  is  very 
moderate ; and  we  have  no  example  in  which  water,  by 
any  affinity  which  it  exerts,  ccntses  the  formation  of  a new7 
principle.  It  appears  therefore  more  probable,  that  this 
acid  pre-exists  in  the  balsams,  and  that  it  is  only  extracted 
by  the  processes  by  which  it  is  obtained. 

Their  chemical  properties  are  derived  from  the  princi- 
ples of  which  they  consist : when  exposed  to  heat,  they 
melt  like  the  resins,  and  exhale  a fragrant  and  acrid  va- 
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pour,  which  is  the  benzoic  acid,  and  which  condenses  ill 
needle-like  crystals.  If  heated  more  strongly,  a portion 
of  oil  is  volatilized  : subjected  to  destructive  distillation, 
they  afford,  besides  benzoic  acid,  products  similar  to  those 
from  the  resins : heated  in  the  open  air,  they  inflame. 

They  are  insoluble  in  water ; but  by  digestion  with  it 
benzoic  acid  is  dissolved,  which  may  be  obtained,  by  eva- 
poration and  cooling,  crystallized.  According  to  Four- 
croy,  their  powder,  when  mixed  with  the  vegetable  colours 
diffused  in  water,  reddens  them, — a proof  of  the  presence  of 
free  acid.  When  distilled  with  water,  a small  quantity  of 
essential  oil  is  obtained  from  the  greater  number  of  them. 

They  are  soluble  in  alkohol ; and  the  solution  is  decom- 
posed by  the  affusion  of  water,  the  resinous  matter  being 
precipitated.  It  is  also  decomposed  by  some  of  the  acids. 
They  are  soluble  in  ether,  and  in  the  volatile  oils,  and  are 
softened  by  the  action  of  camphor. 

The  action  of  the  alkalis  on  the  balsams,  is  similar  to 
their  action  on  the  resins, — dissolving  them  and  forming 
brown  solutions.  The  alkali  combines  also  with  the  ben- 
zoic acid  ; and  on  saturating  it  with  an  acid,  benzoic  acid 
is  precipitated.  The  action  of  lime,  by  the  medium  of 
water,  is  similar. 

The  stronger  acids,  particularly  the  sulphuric  and  nitric, 
when  digested  on  the  balsams,  caused,  in  Hatchet’s  expe- 
riments, a formation  of  tannin.  There  w as  also,  in  some 
cases,  a formation  of  prussic  acid  ; and  benzoic  acid  was 
obtained  by  sublimation  from  the  mixture.  This  acid  is 
not  decomposed  by  sulphuric  or  nitric  acids ; hence  its 
appearance  in  this  process,  supposing  it  to  pre-exist  in  the 
balsams.  Acetic  acid,  when  heated,  dissolves  some  of  the 
balsams,  as  benzoin  : it  retains  the  resin  in  solution,  but  as 
it  cools,  allows  the  benzoic  acid  to  precipitate. 

All  the  balsams  are  odorous,  and  pungent.  Some  ot 
them,  as  benzoin,  are  solid ; others  are  fluid,  but  thick ; 
these  by  age  likewise  become  solid  : they  exude  from  the 


OF  BALSAM. 


203 


vegetables  which  produce  them,  either  spontaneously  or 
from  incisions  made  in  the  bark.  The  principal  substances 
ol  this  class,  are  Opobalsam,  or  Balsam  of  Gilead,  the  pro- 
duce of  the  Amyris  gileadensis ; Balsam  of  Peru,  from  the 
Myroxolon  peruiferum  ; Balsam  of  Tolu,  from  the  To- 
luifera  balsamum  : Benzoin,  from  the  Styrax  benzoinum; 
and  Storax,  from  the  Styrax  officinale.  They  are  used 
sometimes  in  the  practice  of  medicine,  and  their  individual 
history  belongs  to  the  materia  medica. 


Sect.  XIII. — of  extract,  or  extractive  matter. 

The  name  of  Extract  has,  in  pharmacy,  been  appro- 
priated to  a preparation  in  which  vegetable  juices,  or  the 
watei\  decoctions  of  vegetable  substances,  are  reduced  by 
evaporation  to  a thick  consistence.  From  the  nature  of 
this  process,  it  is  evident,  that  the  product  may  consist  of 
all  those  principles  which  are  soluble  in  water,  and  that, 
as  obtained  from  different  plants,  it  may  be  very  different. 
Preparations  of  this  kind  being  much  used  in  the  medical 
practice  of  France,  have  always  engaged  the  attention  of 
the  1 rench  chemists.  Rouelle  arranged  them  under  three 
classes ; Mucilaginous  extracts,  soluble  in  water,  in  which 
gum  or  mucilage  predominates ; Resinous  extracts,  con- 
taining chiefly  resin,  and  which  are  hence  more  especially 
soluble  in  alkohol ; and  Saponaceous  extracts,  which  are 
soluble  both  in  water  and  alkohol.  A different  view  has 
since  been  taken  of  this  subject : it  has  been  supposed,  that 
though  in  these  preparations  there  may  be  an  intermixture 
of  principles,  there  is  one  which  forms  their  basis,  and 
which  constitutes  a peculiar  vegetable  principle,  distinct 
from  any  other.  It  is  to  denote  this,  that  the  name  Ex- 
tract, or  Extractive  Matter,  is  applied.  This  view  has 
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been  principally  given  by  Fourcroy  and  Vauquelin,  in 
their  analysis  of  different  vegetables  : by  the  former  par- 
ticularly, in  his  analysis  of  the  cinchona  of  St  Domingo  *, 
and  by  the  latter,  in  his  analysis  of  the  sap  of  vegetables  f. 
Hcrmbstaedt  also  stated  some  facts  with  regard  to  it.  The 
extractive  principle  thus  defined  is  synonymous  nearly  with 
the  saponaceous  extract  of  llouelle.  Schrader  has  accord- 
ingly affirmed  that  they  are  the  samef,  while  Grotthus  has 
more  lately  contended  that  they  are  different  ||.  And  there 

is,  as  I shall  have  to  remark  in  concluding  its  history,  a 
considerable  degree  of  doubt  as  to  the  nature  of  extract ; 
whether  it  can  properly  be  regarded  as  a well-defined  proxi- 
mate principle  or  not.  The  term  Extract  is  ambiguous, 
from  the  signification  under  which,  in  the  language  ol 
pharmacy,  it  is  still  understood.  Were  its  existence  es- 
tablished, the  name  Extractin  would  be  free  from  this  am- 
biguity. 

Extractive  matter  exists  in  different  parts  of  plants,  but 
more  particularly  in  the  leaves,  bark,  and  wrood  : it  is  also 
often  dissolved  in  their  juices.  When  it  exists  in  the  solid 
parts,  it  is  obtained  by  boiling  in  water,  and  evaporating 
the  strained  decoction : when  in  the  juice,  it  is  obtained 
by  evaporating  this  by  a gentle  heat.  In  either  case  it  is 
obvious  that  it  may  be  mixed  with  other  principles  : there 
is  no  process  by  which  these  can  be  separated,  so  that  we 
are  certain  of  obtaining  it  pure:  and  hence  its  properties 
are  discovered,  either  from  examining  it  as  afforded  by 
some  vegetables  with  little  intermixture,  or  from  effects 
re-agents  produce  upon  the  juices  or  decoctions  containing 

it,  which  cannot  be  supposed  to  arise  from  the  operation 
of  these  on  other  known  principles. 


* Annales  de  Cliimie,  tom.  viii.  & ix. 
t Ibid.  tom.  xxxi. 

X Nicholson’s  Journal,  vol.  xxxii.  p.  75. 
Jj  Annals  of  Philosophy,  vol.  vii.  p.  47. 
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Extractive  matter  is  soluble  in  water,  but  it  gradually 
becomes  insoluble  from  exposure  to  the  air.  According 
to  Vauquelin,  the  juices  which  contain  it,  are  colourless 
as  they  issue  from  the  plant,  but  assume  a yellow  or  brown 
colour,  from  the  action  of  the  air  and  light.  If  evaporated, 
a pellicle  forms  on  their  surface,  from  the  undissolved  mat- 
ter becoming  insoluble  ; and  when  the  whole  is  reduced  by 
evaporation  to  a thick  consistence,  on  attempting  to  dis- 
solve this  in  water,  a portion  remains  undissolved.  Four- 
croy  has  observed  too,  that  if  the  decoction  of  a vegetable 
which  affords  extract,  be  filtered,  so  as  to  be  transparent, 
by  merely  continuing  to  boil  it,  it  becomes  turbid : the 
longer  the  boiling  is  continued,  and  the  more  freely  the 
liquor  is  exposed  to  the  air,  the  more  insoluble  matter,  he 
adds,  is  formed  ; and  by  continuing  the  successive  solu- 
tions and  evaporations,  the  whole  may  be  brought  into  this 
state. 

This  change  he  ascribes  to  the  absorption  of  oxygen : 
and  assigns  this  as  a property  characteristic  of  this  prin- 
ciple,— that  it  is  soluble  in  water,  but  when  in  solution, 
and  at  a high  temperature,  absorbs  oxygen  and  becomes 
insoluble,  and  comparatively  insipid  and  inert.  The  in- 
jury which  many  medicinal  plants  sustain  from  boiling,  has 
been  ascribed  by  Fourcroy  to  this  cause,  and  not  to  the 
dissipation  of  any  active  volatile  principle,  as  had  been 
supposed  ; and  indeed  from  many  of  them  which  are  in- 
jured by  this  operation,  no  such  principle  is  obtained,  when 
the  operation  is  performed,  so  as  to  collect  the  products. 

Theodore  Saussure  has  remarked,  that  Fourcroy,  in  as- 
cribing these  changes  to  oxygenation,  does  not  affirm  that 
he  had  submitted  the  insoluble  matter  to  analysis,  or  the 
air,  in  contact  with  which  the  liquid  had  been  boiled,  to 
any  eudiometric  trial.  He  therefore  placed,  under  bottles 
full  of  atmospheric  air,  and  closed  by  quicksilver,  capsules 
containing  solutions  of  the  extractive  matter  of  cinchona, 
oak-wood,  and  different  moulds  : after  some  days,  he  found 
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precipitates  had  formed  in  these  solutions,  and  the  air  had 
suffered  a small  diminution  of  volume.  Submitted  to  eu* 
diometric  examination,  it  was  found  to  have  lost  its  oxy- 
gen, which  was  replaced  by  a quantity  of  carbonic  acid 
gas,  not  exactly  equal  in  volume  to  the  oxygen  that  had 
been  consumed,  as  part  of  it  had  been  absorbed  by  the 
water  of  the  solution  ; but  when  this  was  previously  satu- 
rated with  carbonic  acid  gas,  the  quantity  was  equal  to  the 
quantity  of  oxygen  that  disappeared.  He  further  found 
reason  to  conclude,  that  in  thus  losing  part  of  their  car- 
bon, they  lose  still  more  of  their  oxygen  and  hydrogen, 
by  these  principles  entering  into  combinations  and  form- 
ing water,  and  that  the  residual  insoluble  matter  has  an 
enlarged  proportion  of  carbon,  and  is  not  merely,  as  Four- 
croy  had  inferred,  extract  oxygenized  *. 

Extractive  matter  is  soluble  in  alkohol : and  this  solu- 
tion is  not  decomposed  by  the  affusion  of  water.  This 
may  therefore  be  regarded  as  another  characteristic  pro- 
perty of  extract,  and  as  serving  to  distinguish  it  from  gum, 
resin,  or  any  mixture  or  combination  of  these  ; gum  being 
soluble  in  water,  and  not  in  alkohol, — resin  in  alkohol,  not 
in  wrater.  Gum-resin  is  indeed  partly  soluble  in  either 
fluid,  but  it  never  is  entirely  so;  since,  if  it  contain  so 
much  gum  as  to  be  soluble  in  water,  it  is  partially  dissolv- 
ed by  alkohol ; or,  if  it  contain  so  much  resin  as  to  be  so 
luble  in  alkohol,  it  is  imperfectly  dissolved  by  water.  And 
if  a sum-resin  be  digested  either  with  water  or  alkohol 
alone,  the  solution  it  affords  with  the  one  fluid  is  decom- 
posed by  the  other.  Schrader  has  affirmed,  however,  that 
extract  is  soluble  only  in  diluted  alkohol,  and  not  in  pure 
alkohol  f,  a proof  of  the  imperfect  distinction  of  this  prin- 
ciple. 

According  to  some  chemists,  extractive  matter  is  inso- 


* Reclierches  stir  la  Vegetation,  p.  156. 
t Nicholson’s  Journal,  vol.  xxxii.  p.  76. 
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luble  in  ether.  This,  if  the  observation  were  just,  would 
afford  a very  characteristic  property  of  this  principle.  I 
have  found,  however,  that  sulphuric  ether  dissolves  the  co- 
louring matter  of  saffron,  which  has  usually  been  given  as 
an  example  of  pure  extract,  and  which  appears  to  be  so  *. 

Oxymuriatic  acid,  poured  into  a solution  of  extractive 
matter,  converts  it  into  a concrete  substance  of  a yellow 
colour,  insoluble  in  water,  but  soluble  in  alkohol,  and  iu 
the  alkalis  f . If  cloth  be  steeped  in  oxymuriatic  acid,  and 
then  immersed  in  a solution  of  extract,  the  oxygen  is  trans- 
ferred from  the  acid  to  the  extract,  which  is  then  deposit- 
ed on  the  cloth,  and  adheres  to  the  vegetable  fibre.  Vau- 
quelin  precipitated  the  extractive  matter  from  the  vegetable 
juices  which  he  examined,  by  oxymuriatic  acid. 

This  principle  has  an  attraction  to  alumina,  and  to  me- 
tallic oxides.  If  to  a solution  of  it  in  water  there  be  add- 
ed a solution  of  alum,  of  which  the  excess  of  acid  has  been 
previously  saturated,  on  boiling  them  for  a short  time,  an 
abundant  flocculent  precipitate  is  formed,  composed  of 
the  extract  combined  with  the  earth  of  the  alum  ; and  the 
solution  at  the  same  time  is  nearly  deprived  of  its  colour. 
If  cotton  or  thread  impregnated  with  a solution  of  alum, 
be  macerated  in  a solution  of  extract,  it  becomes  tinged  of 
a yellowish  brown  colour,  from  the  extractive  matter  be- 
ing fixed  in  it  by  the  medium  of  the  alum  ; and  in  this 
way  the  solution  may  at  length  be  deprived  of  nearly  all 
its  dissolved  matter,  and  the  cloth  dyed.  Many  of  the 


* Lagrange  and  Vogel  have  lately  considered  the  soluble  mat- 
ter of  sailron  as  a peculiar  principle,  different  from  extract,  and 
have  given  it  the  name  of  Polychroite.  There  seem,  however,  to 
be  no  essential  characters  referred  to  it.  The  most  important  are, 
its  losing  its  colour  from  exposure  to  the  air,  becoming  of  a dark 
blue  colour  from  the  action  of  sulphuric  acid,  and  of  a green  colour 
from  the  action  of  nitric  acid,  (Annales  de  Chirnie,  tom.  lxxxO. 
t Fourcroy,  Annales  de  Chirnie,  tom.  vi.  p.  ISO. 
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metallic  salts  have  a similar  effect.  The  solution  of  mu- 
riate of  tin,  in  particular,  forms  in  the  solution  of  extract 
an  abundant  flaky  precipitate,  of  a brown  colour,  consist- 
ing of  this  principle  in  combination  with  the  oxide  of  tin* 
The  muriate  in  which  the  metal  is  at  a high  degree  of  oxi- 
dation,  Dr  Bostock  found  to  be  that  which  forms  the  most 
delicate  test  of  extract  *.  It  is  less  valuable,  however,  as 
a test,  as  it  precipitates  other  vegetable  principles,  parti- 
cularly tannin. 

Extractive  matter,  in  a humid  state,  suffers  decomposi- 
tion. Its  watery  solution  gradually  becomes  turbid,  depo- 
sites  mucous  flakes,  becomes  mouldy  at  the  surface,  yields 
ammonia,  and,  when  the  putrefaction  is  complete,  leaves 
carbonates  of  potash  and  lime. 

When  subjected  to  destructive  distillation,  it  affords  an 
acid  in  part  saturated  with  ammonia. 

Such  are  the  characters  assigned  to  this  principle ; the 
most  distinctive  of  which  are,  its  equal  solubility  in  water 
and  alkohol ; its  susceptibility  of  oxygenation,  and  form- 
ing, when  it  has  undergone  that  change,  an  insoluble  mat- 
ter ; and  its  affinity  for  alumina  and  metallic  oxides.  It 
is  afforded  by  many  vegetables,  in  different  quantities,  and 
perhaps  also  of  variable  purity.  Saffron  affords  a large 
proportion  of  it,  and  that  nearly  pure  ; 16  ounces  of  it 
yielding,  it  is  stated,  10  ounces  of  extract,  the  remaining 
parts  being  principally  ligneous  fibre.  Valerian  is  said  to 
afford  it  in  as  large  a quantity  as  saffron.  It  exists  in  gen- 
tian, senna,  ipecacuan,  and  a number  of  leaves  and  roots. 
Opium  and  Peruvian  bark  contain  a principle  which  so  far 
has  the  characters  of  extract,  that  it  is  precipitated  and 
rendered  inert  when  boiled  in  water,  with  the  contact  of 
the  air.  It  is  contained  also  very  generally  in  the  juices  of 
plants,  obtained  either  from  incisions  of  the  growing  plant, 
«>r  from  expression  of  their  succulent  parts. 


* Nicholson’s  Journal,  vol.  xxiv.  p.  21 1. 
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I must  add,  however,  that  the  characters  of  this  prin- 
ciple,  as  obtained  from  different  vegetables,  are  not  uni- 
foim,  and  that  sometimes  it  approaches  in  its  properties 
to  othei  principles.  Ihus,  the  active  matter  of  Peruvian 
bark  has  one  of  the  characters  of  extract,  that  of  absorb- 
ing  oxygen  when  in  a humid  state,  or  when  boiled  in  wa- 
ter: but  it  approaches  to  resin,  in  being  more  soluble  in 
alkohol  than  in  water.  The  case  is  the  same  with  the  ex- 
tractive matter  of  opium,  while,  in  other  vegetables,  the 
reverse  obtains;  thus,  the  extractive  matter  of  gentian  ap- 
pears to  be  more  soluble  in  water  than  in  alkohol. 

Nor  are  the  characters  which  have  been  assigned  to  it 
so  distinctive,  but  that  they  may  be  presented  by  other 
principles  from  mixture  or  combination ; and  it  is  in  such 
states  that  it  has  usually  been  obtained.  Thus,  in  the 
juices  of  plants  submitted  to  examination  by  Vauquelin, 
as  yielding  extract,  he  always  found  portions  of  saline  mat- 
ter, particularly  of  free  acetic  acid,  and  of  the  acetites  of 
potash  and  lime.  These  might  so  far  modify  the  princi- 
ples existing  in  the  juice,  as  to  disguise  their  properties  ; 
acetic  acid,  for  example,  would  render  a portion  of  resi- 
nous matter  soluble  in  water;  and  hence  the  peculiar  pro- 
perties which  the  vegetable  matter  did  present  might  arise 
from  these  modifications,  and  not  from  the  presence  of  any 
peculiar  principle  to  which  they  belonged.  From  this  the 
solubility  in  water  of  principles  otherwise  not  soluble  might 
originate;  and  the  properties  of  absorbing  oxygen,  or  ex- 
erting affinities  to  certain  earths  or  metallic  oxides,  are  in 
some  measure  possessed  by  various  vegetable  principles  ; 
they  may  be  exerted  more  readily  by  them  in  such  a state 
of  intermixture,  and  can  scarcely,  therefore,  be  regarded 
as  distinctive  of  extract. 

I-  rom  these  considerations,  there  is  some  reason  to  doubt 
of  the  existence,  as  a distinct  proximate  principle,  of  the 
matter  to  which  the  name  of  extract  has  been  given. 

5) 
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The  Extracts  which  are  prepared  in  pharmacy,  by  in  - 
spissating expressed  vegetable  juices,  -or  boiling  vegetable 
matter  in  water,  and  evaporating  the  decoction  to  a thick 
consistence,  are  various  in  their  composition,  lliose  pie- 
pared  by  the  latter  process  may  contain  mucilage,  Sugar, 
tannin,  and  a portion  of  resin.  The  inspissated  juices, 
besides  these,  may  also  be  in  part  composed  ot  the  vege- 
table acids,  and  of  other  saline  bodies;  and,  from  analysis, 
they  appear  always  to  contain  acetates  of  potash,  lime,  and 
ammonia,  often  fVee  acetic  acid,  and  sometimes  sulphate 
and  muriate  of  potash  and  sulphate  of  lime.  They  usually 
redden  infusion  of  litmus,  exhale  vapours  of  acetic  acid 
when  acted  on  by  sulphuric  acid,  and  give  a smell  of  am- 
monia when  mixed  with  lime.  As  obtained  from  different 
plants,  they  must  vary  in  their  composition.  They  ap- 
pear also  to  be  liable  to  decomposition  on  keeping  ; and  the 
powers  of  the  substances  from  which  they  are  prepared  are 
often  injured  by  the  decoction  or  inspissation : hence  they 
are  now  little  used  in  medical  practice. 


Sect.  XIV.— of  tannin. 

A number  of  vegetable  substances,  some  of  them  inspis- 
sated exuded  juices,  others  barks,  or  leaves,  had  received 
the  name  of  Astringents,  as  possessed  of  the  common  pio- 
perty  of  astringency,  characterized  by  the  power  of  cor- 
rugating the  animal  fibre.  From  some  chemical  pheno- 
mena which  they  exhibit,  it  appeared,  that  they  contain  a 
common  principle  to  which  this  quality  is  owing.  If  to 
their  watery  or  spiritous  infusion,  a solution  of  any  of  the 
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• ails  of  iron  be  added,  a purple  colour  is  produced  more 
or  less  deep.  In  those  vegetables  which  have  no  astrin- 
gency,  no  such  effect  is  produced,  while,  in  those  possess- 
ed of  this  property,  the  deepness  of  the  colour  is  in  some 
measure  proportioned  to  the  degree  in  which  it  belongs  to 
them.  Hence  it  was  concluded,  that  astringency  in  vege- 
tables depends  on  a distinct  principle.  The  Dijon  Acade- 
micians observed,  that  it  appeared  to  have  some  of  the 
properties  ot  an  acid.  Scheele  discovered,  that  a peculiar 
acid  exists  in  the  excrescence  which  forms  on  the  branches 
of  the  oak,  known  by  the  name  of  the  Gall  Nut,  one  of 
the  most  powerful  of  the  vegetable  astringents ; and  that 
it  has  the  property  of  giving  a purple  colour  to  the  salts 
of  iron  : it  exists  in  all  the  powerful  astringents ; and  be- 
ing thus  apparently  connected  with  the  property  of  astrin- 
gency,  it  was  regarded  as  the  astringent  principle. 

Io  this  conclusion  Berthollet  stated  some  very  valid 
objections.  He  observed,  that  a solution  of  the  gallic  acid, 
when  obtained  pure,  added  to  a solution  of  sulphate  of  iron, 
does  not  produce  any  dark  colour  or  precipitate  imme- 
diately, but  only  by  degrees,  and  after  some  hours ; while 
a small  quantity  of  the  infusion  of  galls  instantly  produces 
a moie  intense  colour,  and  greater  opacity.  He  farther 
found,  that  by  two  decoctions  of  galls  in  water,  the  acid 
is  extracted  from  them,  so  that  the  liquors  obtained  by  a 
third  or  fourth  decoction  do  not  redden  litmus  paper,  nor 
afford  gallic  acid  by  evaporation,  and  yet  they  precipitate 
iion  copiously  from  its  solutions.  There  were  even  some 
kinds  of  galls,  those  of  a white  colour,  as  well  as  some 
other  astringents,  as  sumach,  or  walnut-tree  bark,  which 
contain  no  sensible  quantity  of  gallic  acid,  yet  produce  the 
black  colour.  And,  lastly,  the  pure  gallic  acid  has  no 
sensible  corrugating  power,  and  scarcely  even  any  astrin- 
gent taste,  but  is  merely  sour  *.  These  facts  sufficiently 
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demonstrated,  that  the  gallic  acid  is  not  the  principle  oi 
stringency,  but  that  this  property  must  depend  on  some 
other  principle,  or  on  some  modification  of  composition. 

Deyeux,  in  his  analysis  of  the  gall  nut  *,  inferred,  that, 
besides  the  gallic  acid,  it  contained  a portion  of  extracts  e 
matter,  and  of  what  he  considered  as  a kind  of  resin,  or 
substance  approaching  to  resin  in  some  of  its  properties ; 
that  these  are  in  a state  of  combination  so  as  to  be  extract- 
ed, either  by  water  or  alkohol : and  the  astringent  proper- 
ty he  supposed  to  arise  from  this  combination. 

At  length  Seguin,  in  the  course  of  some  experiments  on 
tanning  f,  established  more  clearly  the  existence  of  a prin- 
ciple in  the  vegetable  astringents,  different  from  the  gallic 
acid,  and  in  which  the  astringent  or  corrugating  quality 
seems  to  reside.  It  is  this  principle  which,  from  being 
the  agent  peculiarly  concerned  in  the  process  of  tanning, 
has  received  the  name  of  Tan,  or  Tannin.  It  docs  not 
appear  to  be  secreted  pure  by  vegetables,  or  deposited  in 
any  of  their  parts  in  an  insulated  state,  but  requires  to  be 
extracted  by  certain  processes,  and,  as  obtained  by  these, 
is  often  mixed  or  combined  with  other  principles,  by  which 
its  properties  are  frequently  modified.  And  from  this  cir- 
cumstance, some  doubts  remain,  as  I shall  have  to  remaik 
in  concluding  its  history,  with  regard  to  its  specific  dis- 
tinction and  characters. 

It  is  contained  in  large  proportion  in  the  gall  nut  and 
in  oak  bark,  sumach,  and  several  other  barks ; and  the 
catechu,  kino,  and  other  inspissated  juices,  consist  princi- 
pally of  it  in  combination  with  extractive  matter.  If  oak 
bark  be  macerated  in  water,  the  tannin  and  the  gallic  acid 
which  are  combined  in  it  with  the  ligneous  fibre  are  dis- 
solved, forming  a liquor  of  a dark-brown  colour  and  a bit- 
ter acerb  taste.  If  to  the  clear  infusion  a solution  ot  the 


* Annales  de  Chimie,  tom.  xvii.  p.  1. 
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animal  principle  named  Gelatin,  of  which  isinglass  and  glue 
are  examples,  be  added,  a flocculent  precipitate  or  magma 
is  formed,  which  subsides  to  the  bottom  ; the  liquor  above 
contains  the  gallic  acid,  with  any  mucilage  or  extractive 
matter  which  may  have  been  dissolved  from  the  bark.  A 
similar  appearance  results  from  the  infusion  of  galls  treat- 
ed in  the  same  manner. 

This  is  the  experiment  of  Seguin,  by  which  he  demon- 
strated the  existence  of  a principle  in  the  infusions  of  these 
astringents,  the  characteristic  property  of  which  is,  forming 
with  animal  gelatin  an  insoluble  compound,  and  in  conse- 
quence of  which  property  it  can  be  withdrawn  from  other 
principles  with  which  it  is  combined.  It  is  obvious,  how- 
ever, that  we  do  not  thus  obtain  it  pure,  and  that  some 
additional  steps  are  requisite  to  separate  it  from  the  gela- 
tin with  which  it  has  been  combined.  Different  processes 
have  been  employed  for  this  purpose. 

One  proposed  by  Proust,  consists  in  pouring  a solution 
of  muriate  of  tin  into  a decoction  of  galls : a precipitate 
forms  from  the  combination  of  the  tannin  with  oxide  of 
tin  : this  is  diffused  in  water,  and  a current  of  sulphuretted 
hydrogen  is  passed  through : the  sulphuretted  oxide  falls 
down,  and  the  tanning  principle  remains  in  solution  *.  It 
is  not  pure,  however  f : the  muriate  of  tin  precipitates  also 
the  extractive  matter  contained  in  the  vegetable  infusion. 

Another  process  proposed  by  Proust,  is  to  pour  a solu- 
tion of  carbonate  of  potash  into  infusion  of  galls.  The 
tannin  is  separated  in  the  state  of  a coagulum,  which  it  is 
only  necessary  to  wash  with  a little  cold  water  to  obtain 
pure  f.  A similar  process  has  been  proposed  by  Bouillon 
Lagrange, — adding  a solution  of  carbonate  of  ammonia  to 
an  infusion  of  galls,  washing  the  precipitate  with  cold  wa- 


* Nicholson’s  Journal,  4to,  vol.  ii.  p.  558. 
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ter,  and  then  digesting  it  with  alkohol  until  it  cease  to 
redden  infusion  of  litmus;  the  residuum  he  considers  as 
pure  tannin  #.  But  both  these  precipitates  contain  gallic 
acid  and  saline  matter,  chiefly  a portion  of  the  alkaline  car- 
bonate, and  carbonate  of  lime. 

A third  process  was  proposed  by  Proust, — adding  sul- 
phuric or  muriatic  acid  to  a strong  decoction  of  galls,  a 
deposite  is  thrown  down,  which  consists  of  the  tannin  in 
combination  with  the  acid.  It  is  washed  with  cold  water ; 
is  dissolved  in  boiling  water  : the  sulphuric  acid  is  saturat- 
ed by  an  alkaline  carbonate,  and  the  tannin  is  precipitat- 
ed f.  Still  this  is  not  pure,  as  extractive  matter  is  also 
precipitated  by  these  acids  ; and,  from  Davy’s  experiments, 
it  appeared  to  contain  likewise  gallic  acid. 

Another  method,  proposed  by  Merat  Guillot,  consists 
in  adding  to  a solution  containing  tannin,  lime-water:  a 
precipitate  is  obtained,  which  appears  to  consist  ol  tannin 
combined  with  lime.  If  it  be  treated  with  diluted  nitric 
or  muriatic  acid,  the  acid  combines  with  the  lime,  and  a 
matter  so  sparingly  soluble  as  to  remain  on  the  filtre  is  ob- 
tained, which  this  chemist  considered  as  pure  tannin 
Davy  supposed,  that  it  must  contain  some  of  the  extrac- 
tive matter  of  the  bark,  and  that  it  may  likewise  contain 
saline  matter.  It  is,  however,  the  simplest  process,  and 
perhaps  affords  purer  tannin  than  the  others ; though  a 
process  is  still  wanting  by  which  we  can  be  certain  of  ob- 
taining this  principle  in  a state  of  purity  ; and  indeed,  from 
the  force  with  which,  according  to  the  observations  of 
Thenard,  the  vegetable  principles  combine  with  acids,  it 
must  be  difficult  to  separate  entirely  tannin  from  the  gallic 
acid  with  which  it  is  usually  associated.  From  his  experi- 
ments it  appears,  that  this  acid  exists  in  the  gall  nut  in 
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very  intimate  combination  with  the  tannin,  that  it  is  only 
as  the  tannin  suffers  spontaneous  decomposition  that  the 
acid  is  entirely  set  free ; and  that  there  is  no  method  by 
which  the  tannin  can  be  obtained  free  from  the  acid  #. 

Tannin,  in  the  forms  in  which  it  has  been  procured,  by 
evaporation  of  its  solution,  is  in  the  state  of  a loose  pow- 
der, or  a dry  friable  matter,  having  a resinous-like  frac- 
ture. It  is  of  a brown  colour,  or,  according  to  Lagrange, 
of  a white,  which  becomes  brown  from  exposure  to  the  air: 
has  a peculiar  smell,  and  a taste  rough  and  bitter. 

This  principle  is  soluble  in  water,  either  cold  or  warm. 
It  has  been  considered  as  being  also  soluble  in  alkohol ; 
but,  according  to  Richter,  this  is  only  when  the  alkohol 
contains  water  ; when  highly  rectified,  it  is  scarcely  soluble 
in  itf. 

Tannin  appears,  from  Seguin’s  experiments,  to  be  sus- 
ceptible of  oxygenation.  When  its  watery  solution  is  ex- 
posed to  the  air,  a pellicle  forms  on  its  surface,  which  be- 
comes thicker  the  longer  the  fluid  is  exposed.  It  is  still 
more  quickly  formed  by  exposure  to  oxygen,  or  to  oxy- 
muriatic  acid ; and  from  the  latter  thickens  rapidly,  so  as 
to  precipitate  This  may  in  part,  however,  arise  from 
the  extractive  matter  in  the  vegetable  being  acted  on  ; and 
Seguin  himself  states,  that  infusion  of  tannin  may  be  kept 
a long  time  without  its  properties  being  sensibly  altered, 
even  though  it  be  not  carefully  secluded  from  the  air.  La- 
grange, however,  has  affirmed,  that  tannin  is  very  suscep- 
tible of  oxygenation,  and  that  by  this  change  it  acquires 
the  property  of  reddening  litmus,  which  otherwise  does 
not  belong  to  it. 

Tannin  is  thrown  down  from  its  solutions  by  several  of 
the  acids.  Sulphuric  acid  causes  a dense  whitish  precipi- 
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tate.  The  residual  liquor  separated  by  filtration  was  found 
by  Davy  still  to  precipitate  gelatin,  and  therefore  contain- 
ed a portion  of  tannin.  Muriatic  acid  produces  similar 
effects,  two  compounds  of  the  tannin  being  formed,  one 
with  an  excess  ol  acid  which  remains  in  solution,  the  other 
with  an  excess  of  tannin,  which  is  precipitated.  Nitric 
acid  first  renders  the  solution  turbid;  but  the  matter  pre- 
cipitated is  soon  re-dissolved  with  effervescence,  and  the 
liquor  becomes  clear,  and  of  an  orange  colour.  The  tan- 
nin is  decomposed  during  this  action  ; for  the  lic]uid,  after 
it,  gives  no  precipitate  with  gelatin,  even  when  the  acid  is 
saturated  with  an  alkali.  With  dilute  nitric  acid  a per- 
manent precipitate  is  formed,  anti  the  residual  liquid  ap- 
pears, from  the  test  of  gelatin,  still  to  contain  a portion  of 
tannin.  Lagrange  has  stated,  that  tannin  is  converted  by 
oxymuriatic  acid  into  gallic  acid  *.  Were  this  establish- 
ed, it  would  point  out  the  relation  which  appears  to  be  so 
intimate  between  these  two  principles  : and  it  might  lead 
to  the  suspicion  which  some  other  facts  suggest,  that,  in 
the  processes  to  which  they  are  subjected,  the  one  is  often 
converted  into  the  other.  It  may  be  doubted,  however,  if 
this  relation  is  so  simple,  as  that  gallic  acid  is  tannin  oxy- 
genated ; and  the  acidity  acquired  by  the  apparent  oxy- 
genation of  tannin,  may  probably  be  owing  rather  to  the 
decomposition  of  the  tannin,  and  the  developement  of  the 
gallic  acid  combined  with  it. 

The  alkalis  combine  with  tannin.  A solution  of  pure 
potash,  poured  into  an  infusion  of  galls,  causes  first  a tur- 
bid appearance;  but,  by  agitation,  the  fluid  becomes  clear, 
and  its  colour  changes  to  brownish  red.  The  solution  of 
gelatin  does  not  act  on  the  liquid  in  this  state  of  combina- 
tion, until  an  acid  be  added  in  excess,  and  then  a preci- 
pitation is  occasioned.  The  action  of  soda  is  similar  ; as 
is  that  of  ammonia.  On  heating  the  infusion  to  which 
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ammonia  has  been  added,  part  of  the  alkali  is  volatilized, 
and  the  remaining  portion  acts  on  tannin,  forming  a quan- 
tity of  insoluble  matter,  and  leaving  little  in  solution  *. 

Lime,  barytes,  and  strontites,  in  solution  in  water,  ap- 
pear to  combine  with  tannin,  and  form  compounds  of  spar- 
ing solubility  ; since,  when  added  to  infusion  of  galls,  a 
precipitation  ensues,  and  the  residual  liquor  gives  no  pre- 
cipitate with  gelatin.  The  precipitate  of  these  earths  with 
pure  tannin  is  of  a green  colour.  Magnesia  boiled  in  the 
infusion  forms  a deep  green  fluid,  which  does  not  precipi- 
tate gelatin  : the  magnesia  acquires  a grey  colour,  and  ap- 
pears to  have  abstracted  the  tannin  : the  action  of  alumina 
appears  to  be  similar  j-. 

The  alkaline  carbonates  cause  a precipitation  of  tannin  ; 
the  precipitate  containing  a portion  of  the  alkaline  carbo- 
nate, and,  in  consequence  of  this,  it  does  not  act  on  gela- 
tin, until  the  alkali  be  saturated  by  an  acid.  The  residual 
fluid  of  the  infusion  still  contains  tannin,  which  appears 
to  be  combined  with  a large  quantity  of  the  alkali,  so  as  to 
remain  soluble  ; and  it  also  is  incapable  of  acting  on  gela- 
tin, until  the  alkali  is  saturated  by  an  acid.  The  carbo- 
nates of  lime,  magnesia,  and  barytes,  produce,  in  like  man- 
ner, an  insoluble  combination  of  these  respective  earths 
with  tannin  : the  residual  liquid  does  not  affect  gelatin, 
even  when  an  acid  has  been  added  to  it ; there  is  therefore 
no  soluble  combination  of  tannin  formed  in  this  case,  as 
there  is  in  that  of  the  alkaline  carbonates  f. 

Even  a number  of  neutral  salts,  as  nitrate  of  potash, 
muriate  of  soda,  muriate  of  barytes,  &c.  cause  a precipita- 
tion of  tannin,  apparently  from  their  mutual  attraction  ; 
and  hence  these  precipitates  contain  a portion  of  the  salt 
by  which  they  had  been  thrown  down. 

The  metallic  oxides  combine  with  tannin,  forming  com- 
pounds in  general  insoluble : some  of  them,  as  oxide  of 
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tin,  or  oxide  of  zinc,  boiled  with  infusion  of  galls,  seem 
to  precipitate  it  entirely,  leaving  only  pure  water.  In  con- 
sequence of  these  affinities,  many  of  the  metallic  salts  act 
upon  this  principle : they  in  general  give  rise  to  dark  co- 
loured precipitates,  which  consist  of  the  tannin  united 
with  the  metallic  oxide,  retaining  frequently  a portion  of 
the  acid  with  which  it  was  combined.  Acetate  of  lead 
forms  a precipitate  of  a grey  colour  : nitrate  of  mercury, 
one  that  is  yellow ; sulphate  of  manganese  is  thrown  down 
green  : but  these  precipitates  generally  change  their  colour 
in  drying  *. 

The  action  of  tannin  on  the  salts  of  iron  is  important, 
from  its  relation  to  the  art  of  dyeing,  and  to  the  compo- 
sition of  ink  ; and  also  as  it  forms  the  most  delicate  test 
of  iron.  The  nature  of  this  action  is  different  according 
to  the  state  ol  oxidation  of  the  metal.  If  an  infusion  of 
galls,  or  of  any  vegetable  astringent  containing  tannin, 
be  added  to  a solution  of  the  green  sulphate  or  muriate  of 
iron,  it  produces  at  first  no  change  of  colour,  if  the  air 
is  entirely  excluded,  and  the  solution  has  been  free  from 
air,  otherwise  the  tint  acquired  is  faint ; but  it  deepens  to 
a violet,  which  becomes  nearly  black  on  exposure  to  the 
atmosphere.  If  it  be  added  to  the  solution  of  the  red  sul- 
phate or  muriate,  the  dark  colour  is  at  once  produced. 
These  facts  appear  to  prove  that  the  production  of  the  co- 
lour depends  on  the  state  of  oxidation,  the  deep  colour 
being  produced  with  the  perfect  oxide. 

Berthollet  has  given  a view  of  this  subject  somewhat  dif- 
ferent ; he  has  shewn  that  the  production  of  colour  even 
with  the  green  sulphate,  may  be  produced  by  causes  which 
do  not  change  the  oxidation.  Thus,  if  the  astringent  in- 
fusion has  been  added  to  the  solution  of  the  green  sulphate 
of  iron  without  producing  the  violet  colour,  this  appears 
on  diluting  it  largely  with  water,  or  on  adding  a small  por- 
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tion  of  alkali,  though  the  air  is  excluded  ; or  even  if  a few 
iron  filings  be  added  to  the  mixed  liquid  in  a flask,  the 
violet  colour  is  acquired,  though  their  effect  must  be  that 
of  reducing  the  state  of  oxidation  : on  the  other  hand,  it 
is  prevented  by  a slight  excess  of  acid.  He  supposes, 
therefore,  that  a high  degree  of  oxidation  of  the  metal  is 
not  essential  to  the  production  of  the  dark  colour  with 
tannin,  but  that  this  effect  depends  on  the  different  force 
of  affinity  exerted  by  the  acid  of  the  salt  to  the  oxide,  its 
attraction  being  stronger  to  the  oxide  at  a low  degree  of 
oxidation,  and  this  counteracting  the  combination  with  the 
tannin,  whence  the  colour  would  arise.  Whatever  weak- 
ens this  affinity,  therefore,  favours  the  production  of  co- 
lour, though  it  may  have  no  de-oxidating  effect,  such  as 
dilution  with  water,  the  addition  of  a little  of  an  alkali, 
or  even  of  metallic  iron  ; for  the  same  reason  the  colour 
is  at  once  produced  with  the  red  sulphate,  the  oxide  in 
it  not  being  retained  in  combination  with  the  acid  by 
so  strong  an  attraction  *.  This  view  is  probably  just, 
though  it  also  appears  that  iron  in  a high  state  of  oxida- 
tion produces,  independent  of  this,  a compound  with  tan- 
nin of  a darker  colour,  than  it  does  in  a lower  state  of  oxi- 
dation. This  is  shewn  by  the  fact  that  nitrous  acid,  add- 
ed in  a small  quantity  to  a solution  of  the  green  sulphate 
with  which  tannin  has  been  mixed,  causes  at  once  the  pro- 
duction of  a deep  colour,  which  can  only  be  ascribed  to 
its  communicating  oxygen,  for  its  direct  operation,  accord- 
ing to  the  above  viewr,  must  be  that  of  counteracting  the 
combination. 

The  deep  black  colour,  produced  by  the  action  of  vege- 
table astringents  on  the  red  sulphate  of  iron,  appears  to 
arise  from  the  action,  not  only  of  the  tannin,  but  also  of 
the  gallic  acid  they  contain ; they  combine  with  the  oxide 
of  iron  : the  precipitate  is  kept  dissolved  in  some  measure 
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by  the  sulphuric  acid  : and  it  is  this  which  forms  the  co- 
louring matter  of  ink,  and  of  the  black  dyes. 

The  most  characteristic  and  important  chemical  proper- 
ty of  tannin,  is  that  of  combining  with  animal  gelatin. 
When  its  solution  is  added  to  a liquor  containing  gelatin, 
a precipitate,  which  quickly  becomes  flocculent,  of  a yel- 
lowish colour,  is  formed,  and  subsides:  it  is  not  putrescible; 
and  on  drying  contracts  and  becomes  hard  and  brittle,  but 
resumes  its  softness,  and  a degree  of  tenacity,  when  it  is 
moistened.  The  gelatin  requires  to  be  recently  prepared  : 
the  quantity  of  precipitate  is  influenced  by  the  state  of  con- 
centration; the  same  quantities  giving  rather  more  preci- 
pitate, when  strong  solutions  are  mixed.  It  is  influenced 
by  the  proportions ; an  excess  of  gelatin  redissolving  a little 
of  the  precipitate  ; and  from  Dr  Bostock's  observations 
there  is  reason  to  believe,  that  these  principles  combine 
in  different  proportions,  so  that  in  adding  successive  por- 
tions of  solution  of  gelatin  to  infusion  of  tannin,  the  first 
portion  unites  with  a large  proportion  of  tannin,  and  forms 
a compound  more  insoluble  than  the  succeeding  ones.  On 
an  average,  100  grains  of  the  compound  of  gelatin  and 
tannin,  formed  by  precipitation  from  saturated  solutions, 
contain  about  54?  of  gelatin,  and  46  of  tannin. 

Gelatin,  even  in  an  indurated  state,  combines  with  tan- 
nin. A piece  of  animal  skin,  which  consists  principally 
of  gelatin,  immersed  in  an  infusion  containing  tannin,  dis- 
colours it,  by  attracting  the  tannin. 

Tannin  exposed  to  heat,  affords  an  acid  liquor,  a brown- 
ish oil,  and  a considerable  quantity  of  carbonic  acid,  leav- 
ing in  the  retort  a light  spongy  coal  *.  Berzelius  has  en- 
deavoured to  determine  the  proportions  of  the  constituent 
elements  which  these  results  indicate.  To  free  the  tannin 
from  gallic  acid,  he  added  to  an  infusion  of  galls  mixed 
with  ammonia,  muriate  of  barytes ; the  gallate  of  barytes 
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is  soluble,  while  the  tannate  of  barytes  is  insoluble.  "I  he 
tannin  combined  with  the  barytes  he  transferred  to  oxide 
of  lead,  establishing  a combination  which  he  found  to  be 
composed  of  65.79  of  tannin,  and  34.21  of  oxide  ol  leach 
He  lastly  decomposed  the  tannin  of  this  by  combustion, 
and  from  the  quantities  of  water  and  carbonic  acid  form- 
ed, he  inferred  that  it  consists  of  carbon  51.160,  oxygen 
44.654,  hydrogen  4.186  *.  There  must  be  some  uncer- 
tainty, however,  whether  the  tannin,  in  combining  with 
the  oxide  of  lead,  does  not  suffer  some  change  of  compo- 
sition, particularly  from  the  formation  of  water. 

This  principle  exists  in  many  vegetables,  and  always  in 
a state  of  intermixture  with  others,  particularly  with  gallic 
acid,  extract,  and  mucilage.  Scguin  has  remarked,  that 
the  gallic  acid  is  often  unaccompanied  by  the  tanning  prin- 
ciple, as  in  cinchona,  crude  or  roasted  coffee,  the  roots  oi 
the  strawberry  plant,  milfoil,  scrpfularia,  arnica,  and  a 
number  of  others ; these  forming  a dark  precipitate  with 
sulphate  of  iron,  but  not  being  affected  by  gelatin  ; but 
tannin,  according  to  this  chemist,  is  never  found  alone, 
but  always  accompanied  with  gallic  acid. 

Experiments  were  made  by  Davy  on  the  principal  astrin- 
gents, with  the  view  of  determining  the  proportion  of  tan- 
nin they  contain,  and  the  principles  with  which  it  is  unit- 
ed j-  ; and  some  experiments  on  the  same  subject  have  been 
added  by  Bostock  who  has  shewn  by  some  just  observa- 
tions, the  difficulty  of  discriminating  these  principles  by 
the  effects  of  re-agents,  when  they  are  in  a state  ot  mix- 
ture. In  gall  nuts,  tannin  is  present  in  the  largest  pro- 
portion : 500  grains  of  Aleppo  galls  yielded  to  water,  by 
lixiviation,  in  Davy’s  analysis,  185  grains  oi  solid  matter ; 
of  which  1 30  were  tannin,  31  gallic  acid,  12  mucilage  and 
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extract,  and  12  calcareous  earth  and  saline  matter.  The 
proportions,  however,  are  very  various  in  different  varie- 
ties : and  the  presence  of  some  of  these  principles,  parti- 
cularly of  the  mucilage  and  extract,  is  even  doubtful.  The 
presence  of  the  former  has  been  inferred  from  the  mould- 
ing to  which  infusion  of  galls  is  liable : that  of  the  latter 
from  the  precipitate  thrown  down  by  muriate  of  tin.  But 
Dr  Bostock  has  remarked,  that  the  production  of  mould 
cannot  be  regarded  as  a just  indication  of  the  existence  of 
mucus,  as  it  belongs  to  other  principles.  And  with  re- 
gard to  extract,  there  is  the  uncertainty  which  belongs  to 
the  discrimination  of  this  principle ; independent  of  the 
circumstance,  rendered  probable  by  Dr  Bostock’s  experi- 
ments, that  tannin  and  gelatin  combine  in  different  pro- 
portions, forming  compounds  of  different  degrees  of  solu- 
bility, so  that  in  the  successive  additions  of  gelatin  to  in- 
fusion of  galls,  a compound  with  tannin  is  at  length  esta- 
blished, which  is  not  immediately  precipitated  ; and  to  the 
presence  of  this  remaining  tannin,  the  farther  slight  pre- 
cipitation by  muriate  of  tin  may  be  owing. 

The  bark  and  leaves  of  a number  of  vegetables  yield  a 
considerable  proportion  of  tannin.  Oak  bark  contains 
perhaps  the  largest  quantity;  one  ounce,  or  480  grains  of 
the  interior  white  bark,  afforded  1 1 1 grains  of  solid  mat- 
ter bv  lixiviation,  of  which  77  were  tannin.  The  bark  of 
the  Leicester  willow  afforded  nearly  the  same  quantity ; 
that  of  the  Spanish  chesnut  less ; and  the  common  willow 
and  elm  an  inferior  proportion.  Sumach  afforded  as 
much  as  oak  bark.  Souchong  and  green  tea  gave  also  a 
considerable  quantity.  The  quantities  vary  according  to 
the  age  of  the  tree,  and  according  to  the  season,  as  the 
experiments  of  Mr  Biggin  * have  shown.  The  inner  bark 
contains  a larger  proportion  than  the  outer  layers ; and 
as  the  interior  layers  are  comparatively  more  abundant  in 
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young  trees,  their  barks  contain,  in  the  same  weight,  a 
larger  proportion  of  tannin  than  those  of  old  trees. 

The  substance  named  Catechu,  obtained  by  decoction 
and  inspissation  from  the  wood  of  the  Mimosa  catechu,  is 
a strong  astringent,  and,  from  Davy’s  experiments,  appeal's 
to  contain  a large  proportion  of  tannin.  It  is  almost  whol- 
ly soluble  in  water  : a considerable  proporion  of  it  is  also 
soluble  in  alkohol,  but,  when  acted  on  by  the  latter  fluid, 
a portion  of  mucilage  remains  undissolved.  One  hun- 
dred grains  of  Bombay  Catechu  consists,  according  to  these 
experiments,  of  54.5  of  tannin,  34  of  extractive  matter,  6.5 
mucilage,  and  5 residual  matter,  chiefly  impurities.  The 
same  quantity  of  Bengal  catechu  gave  48.5  of  tannin,  36.5 
of  extract,  8 of  mucilage,  and  7 of  residual  matter.  The 
results  however  are  doubtful,  Dr  Bostock  having  found 
the  methods  pointed  out  by  Davy  to  separate  these  prin- 
ciples, to  succeed  very  imperfectly.  He  found  catechu 
always  to  contain  a sensible  portion  of  gallic  acid. 

Another  astringent  substance  known  in  the  shops  by  the 
name  of  Kino,  and  which  is  obviously  either  an  inspissated 
juice  or  an  extract,  appears,  according  to  the  account  of  it 
given  by  Dr  Duncan  and  by  Vauquelin,  to  consist  chiefly 
of  tannin.  Its  solution  gives  a copious  precipitate  with 
gelatin,  and  throws  down  coloured  precipitates  from  the 
metallic  salts  : that  from  the  salts  of  iron  is  of  a deep  green 
colour.  According  to  Vauquelin’s  experiments  *,  it  con- 
sists of  tannin,  with  a proportion  of  mucilaginous  or  ex- 
tractive matter. 

Proust  remarked,  that  the  tannin  afforded  by  different 
vegetables  is  not  uniform  in  its  qualities ; the  tannin  of 
catechu,  in  precipitating  gelatin,  does  not  form  with  it  a 
magma  of  the  consistence  or  insolubility  of  that  form- 
ed by  the  tannin  of  galls ; and  it  gives  a violet-colour- 
ed ink  with  sulphate  of  iron.  The  tannin  of  kino  forms 
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with  the  solution  of  glue  a rose-coloured  coagulum,  and 
precipitates  the  salts  of  iron  of  a deep  green  colour,  scarce- 
ly alterable  by  exposure  to  the  air, — a property  which  also 
belongs  to  the  tannin  of  rhubarb.  The  tannin  of  sumach, 
in  precipitating  glue,  affords  a white  magma  without  con- 
sistence. Hence  lie  concluded,  that  tannin  has  its  varie- 
ties, like  the  other  principles  of  vegetables  ; the  property 
of  precipitating  gelatin  being  that  which  unites  them,  and 
as  it  were  constitutes  the  species  *.  Some  of  these  diffe- 
rences seem  to  arise  from  intermixture.  Thus  the  infusion 
of  sumach,  Davy  remarked,  owes  its  property  of  being 
precipitated  by  the  caustic  alkalis  to  the  presenceof  sulphate 
of  lime;  and  to  this  may  be  owing  the  white  colour  oi  its 
precipitate  with  glue : that  the  infusion  oi  galls  is  render- 
ed green  by  the  alkaline  carbonates,  depends  on  the  large 
quantity  of  gallic  acid  it  contains;  and  that  the  solutions 
of  catechu  do  not  copiously  precipitate  the  carbonated  al- 
kalis, appears  to  depend  on  their  containing  tannin  in  a 
peculiar  state  of  union  with  extractive  matter,  and  uncom- 
bined with  gallic  acid  or  earthy  salts  f.  In  all  cases,  the 
power  of  combining  with  the  acids,  alkalis,  and  the  earths, 
and  the  characteristic  property  of  forming  insoluble  com- 
binations with  gelatin,  and  with  skin,  remain  uniform,  and 
seem  to  prove  that  the  specific  agencies  ol  tannin  are  the 
same. 

Some  doubts,  however,  remain  with  regard  to  this  prin- 
ciple. Its  analogy  to  extract  in  many  of  its  properties  is 
obvious ; and  hence,  as  Schrader  has  remarked,  they  may 
be  modifications  of  the  same  principle.  The  tannin  of 
galls,  as  wrell  as  of  many  other  substances,  Thenard  has 
found,  cannot  be  obtained  free  from  gallic  acid  ; they  seem 
to  exist  in  very  intimate  combination,  so  that,  in  propor- 
tion as  the  tannin  is  decomposed,  the  gallic  acid  is  more 
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abundantly  developed  ; and  we  do  not  know  the  agencies 
of  the  matter  with  which  the  acid  is  combined,  free  from 
the  acid  itself  *.  Pure  tannin,  it  is  remarked  by  Pelletier, 
m some  late  observations  on  this  subject,  does  not  exist ; 
the  varieties  of  it  which  have  been  obtained  differ  in  their 
piopeities,  their  taste,  solubility,  See.  and  have  nothing 
in  common  but  the  property  of  forming  with  some  of  the 
varieties  of  animal  matter,  insoluble  compounds,  which  are 
not  liable  to  putrefaction,  and  of  precipitating  metallic 
solutions ; and  some  of  these  properties  belong  to  other 
vegetable  principles.  Extractive  matter  precipitates  me- 
tallic oxides  from  their  solution,  and  gallic  acid  forms  with 
them  combinations  of  dark  colours  ; hence  the  joint  action 
of  these  may  produce  changes  similar  to  those  from  tan- 
nin. The  pioperty  of  combining  with  animal  matter  seems 
more  specific,  but  this  also  belongs  to  some  varieties  of 
vegetable  matter;— and,  according  to  Pelletier,  gummy 
and  extractive  matter,  when  joined  to  gallic  acid,  produces 
this  effect,  though  neither  of  them  do  so  when  alone.  In 
like  manner  gallic  acid  does  not  form  a precipitate  with 
the  salts  of  iron,  but  gives  merely  a dark-blue  colour, 
while  infusion  of  galls  forms  a precipitate  which  is  ascrib- 
ed to  tannin;  but  gallic  acid  acquires  the  same  property 
of  precipitating  iron,  according  to  this  chemist,  when  it 
is  combined  with  extractive  matter  f.  These  facts  suffi- 
ciently prove,  that  the  nature  and  relations  of  the  prin- 
ciple denominated  Tannin  are  still  imperfectly  known. 

The  aitificial  formation  of  a product  analogous  to  tan- 
nin, is  a subject  which  has  been  elucidated  by  a very  ex- 
tensive series  of  experiments  by  Mr  Hatchet.  It  had  been 
observed  by  Seguin,  Proust,  and  Davy,  that  the  tanning 
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principle  is  developed  in  some  vegetables  by  heat ; and 
Chenevix  found,  that,  in  roasting  coflee,  tannin  is  evolved 
or  produced  so  far,  that  after  that  operation  its  decoction 
o-ives  a precipitate  with  gelatin  *.  Mr  Hatchet  observed 
some  results  in  his  experiments  on  the  action  ol  nitric  acid 
on  the  resins,  which  led  him  to  examine  its  action  on  the 
bitumens,  coal,  and  charcoal.  He  found,  that  by  digest- 
ing them  with  a sand  heat  in  nitric  acid,  100  grams  being 
used  to  one  ounce  of  acid  of  the  specific  gravity  of  1.4, 
and  fresh  portions  of  the  acid  being  added  as  it  was  de- 
composed or  dissipated,  a solution  was  obtained,  in  a lew 
days,  of  a dark  brown  colour,  which  afforded,  when  eva- 
porated to  dryness,  a substance  having  the  general  pro- 
perties of  tannin,  and  which  precipitated  solutions  of  ge- 
latin. 100  grains  of  vegetable  charcoal  yield  about  1 14 
grains  of  this  matter  in  a dry  state. 

This  substance  Mr  Hatchet  found  was  best  obtained  irom 
carbonaceous  matter,  uncombined  with  any  principle  but 
oxygen ; and  hence  substances  frequently  did  not  produce 
the  tanning  matter  when  treated  with  nitric  acid,  which, 
after  having  been  charred,  produced  it  copiously.  Ani- 
mal matter  could  thus  be  made  to  afford  it  by  previous 
charring,  and  thus,  as  he  remarked,  “ one  portion  of  the 
skin  of  an  animal  might  be  made  to  convert  another  into 

leather  + ” , 

In  conformity' to  this,  too,  substances  charred  by  sul- 
phuric acid,  afforded  artificial  tannin  when  afterwards 
treated  with  nitric  acid;  and  even  in  some  cases,  a portion 
of  it  appeared  to  be  formed  by  the  continued  action  of  the 
sulphuric  acid.  This  he  afterwards  investigated  more 
fully,  and  found,  that  by  digesting  sulphuric  acid  on  a 
number  of  resins,  balsams,  camphor,  oil  of  turpentine, 
linseed  oil,  olive  oil,  and  wax,  washing  the  residuum,  and 
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digesting  it  in  alkohol,  tanning  matter  was  procured.  In 
a second  series  ot  experiments  he  discovered,  that  almost 
every  vegetable  substance  might  be  made  to  afford  tannin, 
by  the  repeated  distillation  ol  nitric  acid  from  it  without 
any  previous  charring.  He  thus  procured  it  from  resins, 
gum-resins,  balsams,  indigo,  and  several  other  varieties  of 
vegetable  matter ; some  affording  it  with  more  difficulty 
than  others,  or  requiring  more  distillations  of  the  acid, 
and  affording  it  also  in  different  quantities.  Some  gum- 
resins  did  not  afford  it,  though,  had  the  distillation  been 
more  frequently  repeated,  they  probably  might  have  done 
so.  Gum  arabic,  gum  tragacanth,  and  manna,  afforded 
oxalic  acid,  but  no  tannin. 

The  nature  of  the  product  of  all  these  operations  was 
ascertained  by  the  precipitate  it  gave  with  gelatin,  and,  in 
some  cases,  by  skin  being  tanned  by  its  operation.  It  re- 
sembled, too,  in  almost  all  its  other  properties,  natural 
tannin.  Its  flavour  was  astringent : exposed  to  heat,  it 
swelled,  and  gave  a voluminous  coal ; it  was  speedily  dis- 
solved by  cold  water,  and  by  alkohol.  Its  solution  pro- 
duced copious  precipitates  when  added  to  solutions  of  mu- 
riate of  tin,  acetate  of  lead,  and  red  sulphate  of  iron.  It 
precipitated  gold  in  its  metallic  state  from  its  solution. 
With  nitrate  of  lime,  nitrate  of  barytes,  and  other  earthy 
salts,  it  likewise  gave  precipitates.  The  alkalis  deepened 
tne  colour  ol  its  solution,  and  then  rendered  it  turbid. 
Sulphui  ic  and  muriatic  acid  throw  down  a copious  brown 
piecipitate,  soluble  in  warm  water,  and  capable  of  preci- 
pitating gelatin  *. 

The  products  of  these  processes,  however,  though  all 
possessed  of  the  essential  characters  of  natural  tannin,  dif- 
fer somewhat  from  it  and  from  each  other.  Mr  Hatchet 
remarked  three  varieties,— the  first,  produced  by  the  ac- 
tion ol  nitiic  acid  on  any  carbonaceous  substance,  vece- 

* Philosophical  Transactions,  1805. 

p 2 


228 


OF  TANNIN. 


table,  animal,  or  mineral ; the  second  formed  by  distilling 
nitric  acid  from  resins,  balsams,  and  similar  substances ; 
and  the  third,  extracted  by  alkohol  from  resins,  camphor, 
&c.  digested  with  sulphuric  acid. 

The  first  approaches  nearest  in  its  properties  to  natuial 
tannin.  It  resembles  it  in  its  solubility  in  water  and  in 
alkohol ; in  its  action  on  gelatin  and  on  skin  ; in  its  effect* 
on  the  metallic  solutions,  on  the  alkalis,  and  on  the  eai  ths , 
and  in  the  changes  produced  in  it  by  sulphuric  and  mu- 
riatic acids.  The  only  marked  difference  between  them 
is  in  their  relation  to  nitric  acid.  It  owes  its  origin  to  the 
action  of  this  acid,  and  is  not  changed  by  the  continuance 
of  that  action.  It  suffers  no  alteration  even  when  the  acid 
is  repeatedly  distilled  from  it,  while  natural  tannin  is  de- 
stroyed by  the  action  of  this  acid ; though  some  varieties 
of  it  resist  it  longer  than  others.  The  second  variety, 
formed  from  resins,  by  the  repeated  action  of  nitric  acid, 
favoured  by  heat,  differs  from  the  first  principally  in  the 
precipitates  which  it  forms  with  gelatin,  which  are  always 
of  a yellow  colour,  pale  or  deep,  while  those  formed  by 
the  other  are  constantly  brown.  The  third  variety,  pro- 
duced by  the  action  of  sulphuric  acid  on  resins,  balsams, 
and  similar  substances,  is  inferior,  in  the  energy  of  its 
action  on  gelatin  and  skin,  to  the  first ; it  is  converted 
into  it,  by  the  action  of  nitric  acid.  By  the  continuance 
of  the  action  of  sulphuric  acid,  it  is  decomposed  and  con- 
verted into  coal. 

The  first  variety  of  tannin  afforded,  when  decomposed 
by  heat,  products  analogous  to  those  of  animal  matter. 
First  a little  water,  with  a small  quantity  of  nitric  acid, 
came  over,  then  a small  portion  of  a yellowush  oil . on  rais 
ing  the  heat,  a large  quantity  of  elastic  fluid  was  disengag- 
ed, which  was  principally  ammonia;  and  afterwards  car- 
bonic acid  gas,  with  a little  nitrogen.  A bulky  coal  le- 
maincd,  which  on  incineration  afforded  a little  lime. 

From  this  analysis,  a portion  of  acid  appears  to  exist 
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in  these  compounds.  This  acid  can  also  be  discovered  in 
them  by  its  sensible  qualities.  Mr  Hatchet  remarked  their 
property  of  reddening  litmus,  and  Dr  Bostock  found  them, 
when  prepared  with  every  precaution,  always  to  contain  a 
portion  of  acid  which  cannot  be  removed  from  them.  The*- 
nard  has  regarded  them  as  compounds  of  vegetable  mat- 
ter, with  the  acids  employed  in  their  formation, — an  opi- 
nion conformable  to  his  hypothesis,  that  natural  tannin  is 
a compound  of  this  nature  ; and  a similar  supposition  had 
been  advanced  by  Chevreui,  who  instituted  an  extensive 
series  of  experiments  on  this  subject  *.  The  opinion  is 
however  vague,  for  it  is  not  pointed  out  what  species  of 
vegetable  matter  is  in  combination  with  the  acid ; and 
though  these  artificial  products  may  contain  it,  it  is  con- 
formable to  the  changes  of  composition  to  which  vege- 
table matter  is  liable,  to  suppose,  that  by  the  action  of 
the  acid  employed  in  their  formation,  a decomposition  of 
the  substance  operated  on  may  be  effected,  and  a new 
combination  of  its  elements  established. 

From  the  facility  with  which  some  vegetable  substances, 
after  being  charred,  are  converted  into  tannin,  Mr  Flat- 
chet  supposes,  that  some  such  method  may  be  economi- 
cally employed  in  practice.  He  accordingly  found,  that 
after  extracting  the  tannin  from  oak  bark,  by  repeated 
maceration  in  different  portions  of  water,  it  acquired,  by 
submitting  it  to  the  action  of  very  dilute  nitric  acid,  the 
property  of  precipitating  gelatin,  and  this  repeatedly. 
Peat,  which  consists  of  vegetable  matter  in  a carbonized 
state,  affords  a large  quantity  of  tannin,  by  such  a pro- 
cess, with  great  facility ; and  the  tanning  quality  of  the 
water  of  peat  moors,  Mr  Hatchet  conjectures,  may  be  de- 
rived from  some  spontaneous  change  of  a similar  nature  f. 


* Ann  ales  de  Chirnie,  tom.  lxx.  Ixxiii.  Memoires  d’Arcueil, 
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The  art  of  tanning,  or  converting  the  skin  ot  animals 
into  leather,  depends  on  the  operation  of  the  principle,  the 
chemical  history  of  which  has  now  been  given.  It  con- 
sists in  combining  tannin  with  the  gelatin  which  is  the 
basis  of  the  skin  ; and  all  the  manipulations  of  the  ait  are 
directed  to  facilitate  or  effect  this  combination.  A con- 
cise account  of  these,  I take  principally  from  a memoir 
by  Davy  on  this  subject  *. 

The  skin  requires  to  be  prepared,  by  freeing  it  bom 
the  hair  and  other  extraneous  matter.  1 his  is  done  by 
washing  it,  and  in  some  cases  by  inducing  a slight  degree 
of  putrefaction,  by  which  the  epidermis  is  loosened,  and 
the  hair  more  easily  detached.  More  generally  it  is  ef- 
fected by  the  action  of  lime;  the  lime  being  diffused  in 
water,  and  the  skin  steeped  in  it ; the  lime  combining 
with  the  cuticle,  and  forming  a compound,  which  is  loose 
and  friable.  The  fat  and  oily  matter  form  with  the  lime, 
too,  saponaceous  compounds,  and  are  thus  removed. 

After  the  skin  has  been  cleaned,  it  is  submitted  to  other 
operations,  before  it  is  immersed  in  the  tan  liquor.  Ac- 
cording to  Davy’s  account  ot  the  practices  of  the  ait,  the 
large  and  thick  hides  which  have  undergone  incipient  pu- 
trefaction, are  introduced  for  a short  time  into  a strong 
infusion  of  oak  bark,  and  after  this  they  are  acted  on  by 
water  impregnated  with  a little  sulphuric  or  acetic  acid, 
in  consequence  of  which  they  become  liaidei  and  denser 
than  before,  and  fitted,  after  being  tanned,  for  the  purpose 
of  forming  the  stouter  kinds  of  sole  leather.  T lie  lighter 
skins,  after  having  been  subjected  to  the  action  ol  lime, 
are  macerated  in  a ley  formed  from  the  infusion  of  pigeons 
dung  in  water,  which  contains  a little  carbonate  of  ammo* 
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nia ; the  hardness  they  had  acquired  from  the  lime  is  thus 
removed,  and  they  become  soft. 

The  tanning  liquor  is  prepared  by  infusing  bruised  oak 
bark  in  water  : and  skins  are  tanned,  by  being  successively 
immersed  in  these  infusions,  saturated  in  different  degrees 
with  the  astringent  principles  of  the  bark.  The  first  leys 
are  weak,  but  towards  the  completion  of  the  process,  they 
are  used  as  strong  as  possible ; and  in  preparing  stout  sole 
leather,  the  skins  are  kept  in  an  ooze,  approaching  to  sa- 
turation, by  means  of  layers  of  oak  bark. 

The  infusion  of  oak  bark,  especially  that  obtained  by 
the  first  maceration,  contains  principally  tannin  and  ex- 
tractive matter.  In  the  course  of  the  maceration  of  the 
skins  in  these  liquors,  the  tannin  combines  gradually  with 
the  gelatin,  which,  in  an  organized  form,  is  the  basis  of 
skin,  and  forms  with  it  a compound  insoluble  in  water, 
dense  and  impermeable  to  that  fluid,  while  it  possesses  a 
certain  degree  of  elasticity,  and  is  not  putrescible.  The 
extractive  matter  also  enters  into  the  combination ; for 
when  skin  in  large  quantity  has  exerted  its  full  action  on 
a small  quantity  of  infusion,  it  abstracts  the  whole  dissolv- 
ed matter,  and  renders  it  colourless.  From  this  extrac- 
tive matter  colour  is  derived,  and  the  skin  may  perhaps 
be  rendered  more  dense.  The  gallic  acid  was  supposed 
by  Seguin  *,  to  facilitate  the  combination  by  de-oxidating 
the  skin,  but  of  this  there  is  no  proof ; and  the  operation 
can  be  performed  sufficiently,  though  this  acid  is  not  pre- 
sent in  the  tan  liquor. 

The  operation  of  tanning  requires  a number  of  months, 
from  the  skins  being  successively  and  slowly  introduced 
into  infusions  of  different  degrees  of  strength.  Seguin, 
after  his  discovery  of  tannin,  proposed  to  abridge  the  pro- 
cess, by  introducing  the  skins  more  speedily  into  strong 
infusions  of  the  tanning  substance ; and  in  this  way,  ac- 
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cording  to  the  report  given  on  the  art  of  tanning,  by  Pel- 
letier and  Lelievre  *,  the  whole  could  be  finished  in  about 
twenty  days,  and  leather  obtained  equal  in  quality  to  that 
prepared  by  the  old  method.  There  is  reason,  however, 
to  doubt  of  the  superiority  of  this  new  method.  Mr 
Nicholson,  in  some  observations  on  this  subject,  when  a 
patent  was  taken  out  for  Seguin’s  method  in  this  country  f, 
stated,  that  from  information  acquired  from  the  manufac- 
turers, he  found  that  they  had  been  sufficiently  acquainted 
with  the  powers  of  the  strong  tanning  infusions  ; and  that 
these  had  been  employed  so  as  to  abridge  the  process.  But 
the  leather  thus  prepared  was  not  equal  to  that  prepared  in 
the  old  method.  The  advantage  of  the  slow  and  gradual 
process  appears  to  be,  that  the  substance  of  the  skin  is 
penetrated,  and  equally  changed  : while  in  the  more  rapid 
method  the  external  parts  must  be  more  acted  on ; and 
the  texture  probably  will  be  more  unequal.  It  appears 
also,  from  Davy’s  experiments,  to  combine  with  a larger 
quantity  of  the  extractive  matter  contained  in  the  astrin- 
gent infusion;  and  hence  the  advantage  of  the  immersions 
in  the  weak  liquors,  as  these  contain  more  of  this  than 
the  strong  infusions.  It  must  be  confessed,  however,  that 
for  any  thing  theory  can  discover,  the  common  process 
appears  to  be  unnecessarily  protracted,  and  some  advan- 
tage might  probably  be  derived  from  adopting  some  of  the 
manipulations  of  Seguin. 

The  skin  in  tanning  increases  in  weight,  from  the  fixa- 
tion of  the  vegetable  matter  : the  quantity  of  this  is  from 
one-fifth  to  one-third  of  its  weight.  The  increase  is  greater, 
according  to  Davy’s  experiments,  from  quick  than  from 
slow  tanning.  In  the  latter,  he  supposes  more  of  the  ex- 
tractive matter  enters  into  combination,  and  this  weaken- 
ing the  attraction  of  the  skin  to  tannin,  less  of  it  is  ab- 
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sorbed,  and  thus  less  vegetable  matter  enters  into  the  com- 
position of  the  leather.  Probably  also,  in  the  slow  process, 
more  of  the  animal  matter  is  removed. 

Other  substances  are  used  in  tanning,  as  the  bark  of  the 
willow,  elm,  and  other  trees,  and  even  galls  and  catechu. 
The  leather  prepared  from  these  varies  in  colour,  and  in 
some  other  external  qualities. 

Another  application  of  tannin  is  in  the  composition  of 
writing  ink.  This  is  formed  from  galls,  frequently  with 
an  addition  of  logwood,  and  sulphate  of  iron,  macerated, 
in  water;  a quantity  of  gum-arabic  is  added  to  give  con- 
sistence to  the  liquid,  retard  the  subsidence  of  the  colour- 
ing matter,  and  prevent  it  from  flowing  too  quickly  from 
the  pen  ; a little  sugar  is  sometimes  added  to  give  lustre. 
The  black  colour  of  ink  depends  on  the  joint  action  of  the 
gallic  acid  and  tannin  on  the  oxide  of  iron,  the  compound 
they  form  of  a deep  colour  being  retained  in  suspension 
or  solution  by  the  action  of  the  gallic  acid,  and  the  sul- 
phuric acid  of  the  salt.  It  is  stated  by  Vauquelin  and 
Deyeux,  in  a report  on  this  subject  *,  that  the  nature  of 
the  combination  constituting  the  colouring  matter  of  ink, 
differs  according  as  infusion  or  decoction  of  galls  is  em- 
ployed. In  infusion  the  gallic  acid  principally  is  dissolved 
with  less  of  the  tannin  and  extract ; and  the  colour  it  pro- 
duces with  sulphate  of  iron  has  a shade  of  blue,  becoming 
black  on  exposure  to  the  air ; in  decoction  all  the  soluble 
parts  are  taken  up ; and  the  colour  produced  with  sul- 
phate of  iron  is  a deeper  black  with  a shade  of  brown,  and 
more  sediment  is  deposited  from  this  than  from  the  other 
on  keeping.  Four  ounces  of  galls  pounded,  and  infused 
in  a quart  of  water,  one  ounce  of  gum-arabic,  and  the  same 
weight  of  sulphate  of  iron,  (which  ought  to  be  calcined, 
to  super-oxygenate  it),  give,  they  add,  an  ink  which  is 
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light,  fine,  and  of  a purple  tinge,  becoming  black  on  the 
paper.  The  addition  of  logwood  renders  the  ink  some- 
what brown  : it  considerably  deepens  the  colour,  however, 
at  little  expence,  and  renders  it  more  smooth  and  glossy ; 
the  boiling  the  galls  and  logwood  in  water  has  the  same 
recommendation  of  economy,  as  the  active  matter  is  more 
completely  extracted ; and  Bancroft  supposes,  that  the 
colour  is  rendered  more  permanent.  \V  hen  galls  alone 
are  employed,  the  proportion  of  sulphate  of  iron  ol  one  to 
three  is  too  large;  but  if  logwood  be  added,  even  mor  e,  w ith 
an  additional  proportion  of  water,  may  be  used.  Dr  Ban- 
croft, in  conformity  to  these  observations,  gives  the  fol- 
lowing recipe : Twelve  ounces  of  galls  pounded,  and  six 
ounces  of  logwood,  are  to  be  boiled  in  successive  portions 
of  water,  so  as  to  form  a gallon  of  decoction  ; and  in  this 
are  to  be  dissolved  five  ounces  of  sulphate  ol'  iron,  five 
ounces  of  gum-arabic,  and  two  ounces  ol  sugar  . 

The  vegetable  matter  in  ink  is  liable  to  slow  decompo- 
sition, probably  from  the  continued  action  of  the  metallic 
oxide,  and  the  sulphuric  acid  ; hence  the  decay  of  ink  by 
age,  so  that  manuscripts  at  length  become  illegible.  1 lie 
oxide  of  iron,  however,  remains  impressed  on  the  paper, 
and  hence  the  colour  may  be  in  some  measure  restored, 
by  spreading  over  the  paper  a dilute  infusion  of  galls,  or, 
what  is  preferable  as  not  colouring  the  paper,  a solution 
of  gallic  acid ; or,  what  is  a more  effectual  mode,  a blue 
colour  may  be  produced,  and  the  letters  rendered  visible, 
by  a dilute  solution  of  an  alkaline  prussiate.  On  this  sub- 
ject, some  observations  were  made  by  Blagden  f.  Vau- 
quelin  and  Deyeux  remark,  that  the  same  method  maybe 
employed  where  the  ink  has  been  obliterated  by  oxymu- 
riatic  acid  ; if  by  oxalic  acid,  the  prussiate  will  restore  the 
writing  of  a reddish  brown  colour.  The  alkaline  hydro- 
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sulpliurets  are  also  powerful  in  restoring  obliterated  writ- 
ing, producing  a colour  on  the  lines  of  a greenish  black, 
or  brownish  red.  Charcoal  forms  the  best  basis  of  an  in- 
destructible ink,  and  the  easiest  and  best  form  of  attaining 
this,  according  to  Dr  Bancroft,  is  simply  the  diffusion 
of  fine  lamp-black  in  oil  of  turpentine. 

Tannin  is  the  basis  of  the  black  dyes,  these  being  ob- 
tained from  sulphate  of  iron,  acted  on  by  infusion  of  galls, 
or  other  astringents. 

Tannin,  it  has  been  supposed,  as  a test  of  gelatin,  may 
sometimes  afford  information  of  importance  in  cases  of 
morbid  affection,  as  it  can  discover  the  presence  of  that 
principle,  and  even  its  quantity,  in  the  secreted  fluids. 


Sect.  XV. — of  indigo. 

This  substance,  one  of  the  principal  dyeing  materials, 
has  been  classed  as  a variety  of  what  has  been  vaguely  de- 
nominated Colouring  Matter.  It  has  properties,  however, 
perfectly  characteristic,  and  is  obtained  in  a state  suffi- 
ciently insulated  and  uniform  to  be  entitled  to  be  ranked 
as  a distinct  principle,  is  the  produce  of  different  species 
of  the  genus  Indigofera,  which  are  cultivated  in  Ame- 
rica and  the  West  Indies ; and  is  in  some  measure  an 
artificial  preparation.  The  plant  being  cut,  when  ripe,  is 
put  into  large  troughs  or  vats,  with  water,  and  is  pressed 
down.  It  undergoes  a species  of  fermentation,  and  aerial 
matter  is  disengaged,  partly  inflammable,  and  said  to  be 
a mixture  of  carburctted  hydrogen  and  carbonic  acid. 
The  water  becomes  turbid,  from  the  formation  or  extrac- 
tion of  the  colouring  matter ; and  when  the  fermentative 
process  is  sufficiently  advanced,  it  is  drawn  off  into  an- 
other vat,  where  it  is  kept  constantly  agitated,  to  promote 
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the  separation  of  the  colouring  particles,  and  the  disen- 
gagement of  a quantity  of  carbonic  acid.  Towards  the 
end  of  this  stage  of  the  operation,  a portion  of  lime  wa- 
ter is  added,  which  farther  favours  the  separation  of  the 
colouring  matter.  The  liquor  is  withdrawn  into  another 
vessel,  in  which  the  deposition  is  allowed  to  go  on  : the 
clear  liquor  above,  wrhich  is  of  a yellow  colour,  is  drawn 
off’:  the  thick  sediment  at  the  bottom  is  received  into  linen 
bags,  through  which  the  remaining  fluid  strains:  the  indigo 
remains  in  the  state  of  a paste,  which  is  dried  by  exposure 
to  the  air,  excluding  the  solar  rays.  It  differs  in  its  qua- 
lities, according  to  the  species  of  the  plant,  its  state  with 
regard  to  maturity,  and  the  care  with  which  the  operation 
has  been  conducted.  The  rationale  of  the  process  is  not 
well  understood.  The  plant,  by  expression  or  infusion, 
affords  only  a green  colouring  matter  previous  to  the  fer- 
mentation ; and  we  have  no  precise  facts  from  which  it  can 
be  determined,  how  this  fermentation  is  so  easily  excited, 
or  what  are  the  changes  connected  with  the  production  of 
the  colouring  matter.  Some  other  plants  yield  indigo, 
and  without  requiring  the  same  method.  Dr  Roxburgh, 
from  a species  of  Nerium,  to  which  he  has  given  the  dis- 
tinctive appellation  of  Tinctorium,  a native  of  Malabar, 
obtained  indigo,  merely  by  macerating  the  leaves  in  water 
at  160°,  while  by  the  usual  process  of  fermentation  none 
was  obtained,  and  even  by  a slight  fermentation  it  was  de- 
stroyed. This  indigo  has  all  the  properties  of  the  other, 
and  is  of  such  a quality,  that  it  is  largely  imported  from 
India  #. 

Indigo  is  of  a very  rich  blue  colour,  varying  in  its  shade 
in  different  specimens.  It  is  light  and  friable,  has  a smooth 
fracture,  is  tasteless,  and  has  scarcely  any  perceptible  smell. 
From  Bergman’s  experiments  it  appears  to  be  a hetero- 
geneous substance,  since  besides  its  colouring  matter  he 
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found  it  to  contain  gum,  resin,  and  earthy  matter,  and 
oxide  of  iron;  the  proportions  in  100  parts  being  12  oi 
gum,  6 of  resin,  22  of  earthy  matter  soluble  in  acetous 
acid,  13  of  oxide  of  iron  soluble  in  muriatic  acid,  and  47 
of  pure  colouring  matter : but  it  is  not  easy  to  determine 
how  far  any  of  these  is  essential.  Bergman  was  disposed  to 
consider  the  iron  as  such,  and  as  contributing  to  the  colour ; 
but,  as  Berthollet  has  remarked,  the  method  he  used  to  dis- 
cover it  led  him  to  over-rate  its  quantity  : and  the  greater 
part  of  what  he  did  abstract  by  the  action  of  muriatic  a- 
cid,  was  removed  without  affecting  the  colouring  matter. 

Indigo  exposed  to  a moderate  heat  emits  vapours,  and 
a purple- coloured  substance  sublimes,  which,  in  close  ves- 
sels, condenses  in  needle-like  crystals.  This  Chevreul  re- 
gards as  pure  indigo,  free  from  the  foreign  matter  present 
in  common  indigo.  When  again  heated,  it  still  rises  in 
a purple  vapour,  and  it  dissolves  in  concentrated  sulphuric 
acid,  imparting  a rich  blue  colour.  It  has  been  affirmed 
that  this  purple  vapour,  when  exposed  at  its  formation  to 
quicksilver  heated,  forms  an  amalgam  with  it  *. 

When  indigo  is  heated  with  the  admission  of  the  air,  it 
burns  slowly  with  a white  flame. 

Indigo  yields  to  warm  water  extractive  matter  slightly 
bitter  and  astringent,  of  a yellowish  brown  colour : with 
this  is  dissolved  greenish  matter,  which  precipitates  and 
becomes  blue  on  exposure  to  the  air,  and  which  Chevreul, 
in  his  researches  on  this  principle  f,  has  considered  as  in- 
digo at  the  minimum  of  oxidation.  By  the  action  of  wa- 
ter, the  inferior  kinds  of  indigo,  according  to  Quatromere, 
are  improved  in  their  quality,  probably  by  the  abstraction 
of  mucilaginous  and  extractive  parts.  The  colouring  mat- 
ter of  indigo  is  equally  insoluble  in  alkohol,  and  in  ether. 
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a small  portion  of  resin  only  being  dissolved : according 
to  Chevreul,  however,  it  is  partially  dissolved,  and  after- 
wards precipitates. 

The  action  of  acids  on  indigo  is  more  energetic.  Con- 
centrated sulphuric  acid  dissolves  it  in  the  cold:  the  solution 
appears  black,  from  the  deepness  of  its  colour.  It  is  this 
solution  diluted  with  water  that  is  known  by  the  name  ol 
Liquid  Blue,  and  that  forms  also  the  Saxon  blue  dye. 
Bergman  found  the  colour  to  be  changed  to  a green  by  a 
number  of  substances ; as  sulphurous  acid,  vinegar,  am- 
monia, alkaline  sulphurets,  sulphate  of  iron,  and  sulphu- 
retted hydrogen ; and  by  some  of  these  the  colour  was  en- 
tirely destroyed.  As  all  these  might  operate  by  abstract- 
ing oxygen,  it  appeared  probable  that  it  is  to  this  opera- 
tion that  the  change  of  colour  is  owing ; yet  there  are  other 
facts  not  easily  reconciled  with  this,  the  blue  being  changed 
to  a green,  or  being  even  destroyed,  by  other  substances 
which  cannot  be  supposed  to  exert  any  such  agency,  as 
* by  soda  and  potash,  and  black  oxide  of  manganese.  I he 
acid  in  some  states  does  not  easily  dissolve  the  indigo, — 
the  addition  of  a little  vegetable  matter  accelerates  the  so- 
lution. 

The  alkaline  carbonates  throw  down  from  the  solution 
of  indigo  in  sulphuric  acid,  a blue  powder,  which  Berg- 
man named  Precipitated  Indigo. 

Nitric  acid  decomposes  indigo.  The  action,  when  the 
acid  is  concentrated,  is  so  violent  as  to  inflame  it ; and 
when  diluted,  it  still  acts  on  it  with  effervescence ; the  in- 
digo becomes  brown,  and  the  residuum  amounts  only  to 
the  third  of  the  original  weight.  A substance  is  formed, 
which  remains  in  the  state  of  a coagulum,  which,  freed 
from  nitric  acid  by  washing,  forms  a brown-coloured  vis- 
cous mass,  of  a strong  bitter  taste,  requiring  a larger  quan- 
tity of  water  for  its  solution,  and  more  soluble  in  alkohol. 
This  is  the  substance  which  has  received  the  name  of  Bit- 


OF  INDIGO. 


239 


ter  Principle  *.  A little  oxalic  acid  is  also  formed  ; and 
from  Hatchet’s  experiments  it  appears,  that  one  ol  the  va- 
rieties of  artificial  tannin  is  produced,  the  solution  in  wa- 
ter of  the  residual  matter  becoming  turbid  from  the  action 
of  gelatin. 

Muriatic  acid  does  not  act  on  the  colouring  matter  of 


* This  product  has  very  peculiar  characters,  and  has  been  re- 
peatedly the  subject  of  chemical  experiment.  It  was  first  noticed 
by  Haussman  in  his  experiments  on  Indigo,  (Journal  de  Physique, 
tom.  xxxii.  p.  161.).  Welther  observed  its  production  in  the  ac- 
tion of  nitric  acid  on  silk,  and  from  its  bitterness  gave  it  the  name 
of  Amer.  Proust,  Fourcroy,  and  Vauquelin,  observed  the  for- 
mation of  a similar  product  from  the  action  of  the  same  acid  on 
the  muscular  fibre  and  other  animal  solids.  Chevreul  has  given 
the  following  process  for  its  formation,  (Nicholson’s  Journal,  vol. 
xxx.  p.  550.)  : Two  parts  of  indigo  are  submitted  to  the  action 
of  tour  parts  of  nitric  acid,  diluted  with  four  of  water,  a moderate 
sand  heat  being  applied  : nitric  oxide  and  carbonic  acid  gases  are 
disengaged  ; and  prussic  acid  with  nitric  acid  distil  over  : the  ac- 
tion becomes  violent } it  is  then  moderated  by  removing  the  ves- 
sel into  cold  water,  where  it  is  left  for  twenty-four  hours.  A li- 
quor remains  in  the  retort  of  a reddish  colour  j and  two  concrete 
substances  float  in  it,  one  of  a resinous  appearance,  the  other  of 
an  orange  yellow  colour.  The  liquor  poured  off  and  concentrated 
by  evaporation  deposites  on  cooling  crystals  of  amer , and  of  an 
acid  substance.  These  being  dissolved  in  hot  water,  the  acid 
retaining  a little  amer  in  combination  is  deposited  on  cooling ) and 
by  farther  evaporation  the  amer  is  obtained  in  yellow  scales : this 
yellow  colour  is  derived  from  a little  resin,  and  there  also  adheres 
to  it  a little  of  the  crystallized  acid.  When  sufficiently  purified, 
it  is  of  a white  inclining  to  straw  colour  ; it  sublimes  from  the 
application  of  a gentle  heat,  and  condenses  in  needles  or  scales : 
it  is  inflammable  •,  exposed  to  a red  heat  it  affords  nitrous,  prussic, 
and  carbonic  acids,  nitric  oxide,  nitrogen,  carbonic  oxide,  and 
olefiant  gases,  and  a little  charcoal  remains.  It  is  more  soluble 
in  hot  than  in  cold  water  $ its  solution  is  acid  and  bitter.  When 
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indigo,  but  dissolves  merely  the  oxide  of  iron,  and  the 
earthy  matter  it  contains.  It  dissolves,  however,  a portion 
of  what  Bergman  calls  Precipitated  Indigo,  and  acquires 
a deep  blue  colour.  A number  of  the  other  acids,  as  the 
phosphoric,  acetic,  and  tartaric,  act  on  it  in  the  same  man- 
ner as  the  muriatic  : so  that  no  acid,  properly  speaking. 


mixed  with  a concentrated  solution  of  potash,  small  needle-like 
crystals  of  a gold  colour  are  formed,  which  are  a compound  ot 
amer  and  potash.  This  compound,  which  had  been  examined  by 
Welther,  and  by  Fourcroy  and  Vauquelin,  has  the  property  ol 
detonating  when  heated,  forming  prussic  acid  in  the  detonation  ; 
it  is  decomposed  by  nitric  or  muriatic  acid  at  a boiling  heat,  and 
on  cooling,  amer  crystallizes.  The  compound  of  amer  Avith  am- 
monia, scarcely  detonates  on  being  heated  : W ith  the  alkaline- 
earths  it  unites  and  forms  compounds  soluble  in  water  : it  also 
dissolves  the  oxides  of  silver,  quicksilver,  and  lead  j and  all  these 
compounds  detonate  when  heated.  Chevreul  supposes  the  amer  to 
he  a compound  of  nitric  acid  with  vegetable  matter } these  deto- 
nations he  ascribes  to  the  reaction  of  the  acid,  and  particularly 
of  its  oxygen  at  a high  temperature  on  the  elements  ot  the  vege- 
table matter,  whence  the  abundant  and  rapid  formation  of  elastic 
products  $ and  the  detonation  is  more  especially  observed  in  its 
combinations  with  the  alkaline  bases  or  metallic  oxides,  as  these 
render  it  fixed,  and  thus  subject  it  to  the  action  of  a higher  tem- 
perature. 

The  formation  of  this  product  in  the  action  of  nitric  acid  on 
animal  matter  is  afterwards  to  be  considered.  The  acid  formed 
with  it,  resembles  it  in  the  greater  number  of  its  properties,  and 
is  regarded  by  Chevreul  as  a similar  compound  with  an  inferior 
proportion  of  nitric  acid,  amer  being  formed  by  boiling  it  with 
nitric  acid.  It  combines  with  the  alkalis,  earths,  and  metallic 
oxides,  but  its  compounds  do  not  detonate  when  heated.  There 
is  alongst  with  it  a formation  of  one  of  the  varieties  of  artificial 
tannin,  which  Chevreul  considers  also  as  a compound  of  resin, 
amer,  and  nitric  acid,  (Nicholson’s  Journal,  vol.  xxxii.  p.  500. ' 
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dissolves  this  substance  directly  but  the  sulphuric.  Oxy- 
muriatic  acid  destroys  its  blue  colour,  when  the  indigo  is 
in  a state  of  solution. 

The  fixed  alkalis  dissolve  some  ol  the  substances  con- 
tained in  indigo,  but  not  its  colouring  matter.  The  pre- 
cipitate from  the  solution  of  indigo  in  sulphuric  acid,  is 
dissolved  by  them  easily  even  in  the  cold  : the  blue  colour 
gradually  changes  to  a green,  and  is  at  length  destroyed. 
With  the  alkaline  carbonates  the  same  solution  is  effected, 
but  the  colour  is  not  altered.  The  action  of  ammonia  and 
of  lime  is  the  same  with  that  of  the  pure  fixed  alkalis. 

Indigo  subjected  to  destructive  distillation,  is  decom- 
posed : it  leaves  a residue  of  S3  parts  from  100,  consisting 
of  eaithy  matter  and  oxide  of  ii’on ; of  the  remaining  67 
parts,  it  appears  from  the  preceding  analysis  by  Bergman, 
that  47  is  the  pure  colouring  matter;  the  products  from 
this  he  found  to  consist  of  carbonic  acid  2 parts,  alkaline 
liquor  (composed  of  carbonate  of  ammonia  dissolved  in 
water)  8 parts,  empyreumatic  oil  9 parts,  and  23  of  char- 
coal, which,  burnt  in  the  open  air,  left  4 parts,  about  half 
of  which  was  oxide  of  iron,  and  the  other  half  appeared 
to  be  siliceous  earth  : hydro-sulphuret  of  ammonia  and 
pi  ussiate  of  ammonia  are  also  disengaged,  according  to 
Chevreul.  Prom  this  analysis  it  may  be  inferred,  that  the 
colouring  matter  of  indigo  consists  of  hydrogen,  oxygen, 
nitrogen,  and  carbon,  with  perhaps  a little  sulphur,  the 
proportion  of  carbon  being  unusually  large,  and  such,  in- 
deed, as  scarcely  appears1  to  be  contained  in  any  other  ve- 
getable principle. 

The  chemical  properties  of  this  substance  are  evidently 
different  from  those  of  any  other  vegetable  principle.  The 
application  of  it  to  dyeing  presents  some  singular  pheno- 
mena; for  although  it  is  not  soluble  in  alkaline  solutions 
or  in  lime,  yet,  by  the  intervention  of  other  substances, 
this  solution  is  effected,  so  as  to  form  a dye-liquor. 

Bergman  examined  two  of  the  processes  of  the  dyers. 

vol.  iv.  o 
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One  consists  in  mixing  indigo  with  an  equal  weight  of 
sulphate  of  iron,  and  twice  its  weight  of  hme,  and  boiling 
them  in  water ; the  indigo  soon  dissolves.  In  the  other,  a 
solution  of  pure  fixed  alkali  is  taken,  and  to  this  indigo, 
and  orpiment  or  sulphuret  of  arsenic,  are  added : the 
indigo  is  dissolved,  and  the  bath  becomes  green.  Berg- 
man supposed,  that  the  sulphate  of  iron  in  the  one  pro- 
cess, the  sulphuret  of  arsenic  in  the  other,  operates  by  com- 
municating phlogiston  to  the  indigo,  in  other  words,  by 
abstracting  from  it  oxygen  ; and  this  appears  to  be  con- 
firmed by  the  facts  he  ascertained,  that  if  the  sulphate  oi 
iron  has  been  previously  boiled  some  hours  in  water,  in 
which  case  it  becomes  more  oxidated,  it  does  not  promote 
the  solution  of  the  indigo,  and  that  oxide  of  arsenic  is 
also  equally  unfit  for  this  purpose.  Haussman  in  some 
measure  established  this  theory,  by  proving,  that  a solu- 
tion of  sulphuret  of  arsenic  mixed  with  indigo  absorbs 
oxygen ; and  the  indigo  is  reproduced  with  its  blue  co- 
lour, and  precipitated.  This  was  confirmed  by  Berthol- 
let,  who  farther  observed,  that  when  cloth  is  dyed  in  the 
indigo  liquors  prepared  by  these  processes,  it  is  of  a green 
colour,  but  becomes  blue  by  exposure  to  the  air ; and  lie 
found,  that  a piece  of  cloth,  coming  out  of  the  vat  of  a 
green  colour,  became  blue  by  dipping  it  quickly  in  oxy- 
muriatic  acid.  He  concludes,  from  these  facts,  that  in- 
digo, in  its  natural  state,  contains  oxygen,  which  may  be 
abstracted  from  it ; it  then  becomes  green ; in  this  state, 
it  is  soluble  in  solutions  of  the  alkalis,  and  of  lime ; it  is 
again  capable  of  attracting  oxygen,  when  it  acquires  the 
blue  colour,  and  precipitates.  When  dissolved  by  sul- 
phuric acid,  it  is  not  deprived  ol  oxygen,  and  therefore 
retains  its  blue  colour,  which  the  cloth  at  once  acquires ; 
yet,  even  in  this  solution,  the  indigo,  as  Berthollet  re- 
marks, appears  to  have  suffered  a slight  deoxidation,  and 
to  this  he  ascribes  the  solubility  in  alkalis  ot  the  precipi- 
tate thrown  down  from  this  solution. 
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w oad  is  a substance  produced  by  a process  similar  to 
that  followed  in  extracting  indigo,  and  bears  some  resem- 
blance to  it.  It  is  extracted  Irom  the  Isatis  tinctoria  and 
Isatis  Lusitanica.  1 he  plant  is  cut  down,  washed,  and 
dried  in  the  sun  : it  is  ground  in  a mill,  and  reduced  to  a 
paste.  Of  this  heaps  are  formed,  which  are  covered  to 
secure  them  from  rain.  This  paste,  after  having  remain- 
ed for  a fortnight,  is  turned,  and  its  different  parts  mixed ; 
it  is  then  made  into  balls,  which  are  deprived  of  their 
moisture  by  exposure  to  the  air  and  sun.  These  balls, 
heaped  together,  gradually  become  hot,  and  exhale  an 
ammoniacal  odour;  the  heat  is  increased  by  watering  the 
heap  slightly  until  they  are  reduced  to  a coarse  powder. 
In  this  state  woad  is  used ; it  gives  a blue  colour,  which 
is  permanent,  but  has  not  the  beauty  of  that  from  indigo. 
If  the  plant,  however,  be  subjected  to  the  same  processes 
that  are  followed  in  preparing  indigo,  it  affords  a colour- 
ing matter  precisely  the  same  * ; and  there  can  be  little 
doubt,  therefore,  that  the  colouring  matter  of  woad  is  in- 
digo. It  affords,  according  to  Chevreul,  the  same  pro- 
ducts in  its  decomposition  by  heat,  and  indigo  may  be 
extracted  from  it  by  the  action  of  alkohol. 


Sect.  XVI.— of  ulmin. 

This  is  a peculiar  vegetable  product,  which  was  first 
obtained  as  an  exudation  from  the  bark  of  the  elm  by 
Vauquelin,  and  was  afterwards  more  fully  noticed  by  Kla- 
proth. Vauquelin  found  it  to  consist,  in  its  natural  state, 
of  potash,  with  a matter  similar  in  some  of  its  properties 
to  gum.  And  Mr  Smithson,  from  experiments  upon  it, 


* Berthollet  on  Dyeing,  vol.  ii.  p.  72. 
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inferred,  that  it  is  a compound  of  potash  with  a matter 
which,  “ if  not  of  a peculiar  genus,  seems  rather  more 
related  to  the  extractives  than  to  the  resins.”  Dr  Thom- 
son, who  had  considered  it  as  a distinct  principle,  and 
given  it  the  name  of  Ulmin,  has  since  procured  it  tree 
from  potash.  It  has  also  been  found  to  be  a product  of 
other  trees,  as  the  oak,  hornbeam,  and  horse  chesnut , 
and,  according  to  Berzelius,  it  is  a constituent  ingredient 

even  of  the  greater  number  of  barks. 

Ulmin  in  its  usual  state  combined  with  potash,  and, 
forming  an  exudation  from  the  bark  ol  the  elm,  is  in 
small  masses,  of  a dark  brown  or  black  colour,  wit  h a le- 
einous  lustre  and  fracture ; it  is  nearly  tasteless,  or  has 
only  a slight  astringency ; it  dissolves  easily  in  the  mouth ; 
it  swells  when  heated,  but  does  not  melt ; it  burns  at  the 
flame  of  a candle,  and  is  consumed,  leaving  carbonate  ot 
potash;  it  dissolves  readily  in  water,  forming  a solution 
of  a dark  reddish  brown  colour,  and  yellow  when  dilute, 
which,  even  when  much  concentrated,  is  not  slimy  or 
mucilaginous  j it  is  insoluble  in  alkohol  or  ether,  and  it 
is  partially  precipitated  from  its  watery  solution  by  alko- 
hol. Nitric,  muriatic,  and  sulphuric  acids,  throw  down 
a reddish  or  yellowish-brown  precipitate  ; acetic  acid  does 
not  precipitate  it ; no  effect  is  produced  on  the  solution  by 
infusion  of  galls,  or  by  animal  gelatin  ; sulphate  of  iron 
throws  down  a brown  precipitate,  and  precipitates  arc 
formed  by  some  other  metallic  salts,  generally  of  a similar 
colour.  The  simplest  analysis  of  this  substance  is  by  the 
addition  of  an  acid  to  its  solution.  The  peculiar  vegetable 
matter  which  is  its  basis  is  precipitated,  and  the  salt  form- 
ed by  the  combination  of  potash  with  the  acid  which  has 
been  added  remains,  with  a portion  of  the  vegetable  mat- 
ter in  solution.  The  potash  it  contains  is  also  obtained 
by  calcination  or  combustion.  From  20  grains,  Dr  Thom- 
son obtained  by  calcination  3.8  sub-carbonate  of  potash, 
with  1 of  carbonate  of  lime,  and  0.2  of  silex  and  oxide 
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of  iron,  the  two  latter  being  probably  accidental.  Mr 
Smithson  inferred,  that  the  quantity  of  potash  amounts 
to  about  l-5th  of  the  natural  product.  The  alkali  seems 
to  be  in  very  intimate  combination  with  the  vegetable 
matter,  as  the  compound  does  not  affect  the  vegetable 
colours. 

The  vegetable  matter  which  is  precipitated  from  the 
watery  solution  of  the  natural  product  by  the  action  of 
acids,  and  which  may  be  regarded  as  the  pure  ulmin,  is 
possessed  of  the  following  properties.  It  is  in  masses  of 
a black  colour,  but  in  minute  fragments  is  red  and  trans- 
parent, and  has  a highly  resinous  lustre  and  appearance. 
It  is  inflammable,  burns  with  flame,  and  leaves  white 
ashes.  Alkohol  dissolves  it,  but  in  vex*y  small  quantity. 
Water  likewise  dissolves  it,  but  also  only  in  small  quanti- 
ty; the  greater  solubility,  therefore,  of  the  natural  pro- 
duct is  owing  to  the  action  of  the  potash  it  contains ; and 
accordingly,  on  adding  a little  potash  to  water  in  which 
the  precipitated  ulmin  lies  undissolved,  it  dissolves  imme- 
diately and  abundantly,  and  the  solution  has  all  the  pro- 
perties of  the  native  product : it  is  singular,  however,  that 
neither  ammonia,  nor  carbonate  of  soda,  promotes  its 
solution.  It  appears  to  redden  litmus  paper.  Acids 
cause  its  precipitation  from  its  watery  solution,  though  it 
appears  to  contain  previously  no  alkali,  and  to  retain  none 
of  the  acid  by  which  it  is  precipitated  in  combination. 

Dr  Thomson  has  obtained  natural  ulmin  free  from  pot- 
ash. It  had  been  collected  on  an  oak ; and  was  in  small 
masses  of  a dark  brown  colour,  nearly  black,  firmer  and 
of  a greater  specific  gravity  than  the  alkaline  compound. 
It  is  nearly  tasteless  ; dissolves  very  slowly,  and  in  small 
quantity,  both  in  water  and  alkohol ; the  solution  is  pale 
brown.  The  aqueous  solution  is  not  precipitated  by  sul- 
phate of  iron,  copper  or  zinc,  or  by  nitrate  of  silver ; ni- 
trate of  mercury  and  super-acetate  of  lead  occasion  brown 
flaky  precipitates.  Acids  do  not  precipitate  it  from  its 
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watery  solution  ; in  this  respect  it  differs  remarkably  from 
the  ulmin  which  is  precipitated  from  the  alkali  naturally 
combined  with  it,  by  an  acid.  A weak  solution  of  carbo- 
nate of  potash  poured  upon  it  dissolves  it  readily,  forming 
a dark  brown  solution,  which  has  all  the  properties  of  the 
native  compound  with  potash.  It  is  this  strong  affinity 
to  carbonate  of  potash,  and  its  solubility  from  this  com- 
bination, that  forms  the  most  characteristic  property  oi 
ulmin.  Calcined  it  leaves  a white  ash,  amounting  to  0.2  < 
grain  from  5 grains,  which  contained  no  perceptible  por- 
tion of  alkali,  but  was  wholly  carbonate  of  lime. 

The  ulmin  naturally  combined  wTith  potash,  obtained 
from  other  trees,  is  similar  in  general  properties  to  that 
from  the  elm.  That  from  the  oak  has  a taste  more  astrin- 
gent and  bitter,  probably  from  intermixture  of  the  astrin- 
gent principle  of  oak  bark;  it  does  not,  however,  gi'C- 
any  precipitate  with  gelatin,  but  it  affords  precipitates 
from  some  of  the  metallic  salts,  which  differ  in  coloui 
from  those  by  the  ulmin  of  the  elm ; in  particular,  that 
with  sulphate  of  zinc  is  nearly  black.  Similar  differences 
exist  in  the  ulmin  from  the  horse-chesnut,  and  it  is  not 
precipitated  from  its  watery  solution  by  acids,  apparently 
from  containing  less  potash,  so  that  less  of  it  exists  in  so- 
lution. 

The  method  given  by  Berzelius  to  discover  ulmin  exist- 
ing as  a constituent  ingredient  of  barks,  is  first  to  mace- 
rate the  bark  in  alkohol,  and  afterwards  in  cold  water ; 
the  tannin  is  thus  abstracted,  which  otherwise  combines 
with  the  ulmin,  and  prevents  it  from  being  recognized  : 
the  ulmin  remains  undissolved,  and  may  be  obtained  by 
infusion  in  hot  water,  especially  if  a little  carbonate  of 
potash  be  dissolved  in  the  water  *. 


* Annales  de  Chimie,  tom.  xxi.  Annals  of  Philosophy,  vol.  i. 
&C  ii.  Philosophical  Transactions,  1815. 
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Sect.  XVII. — of  cinchonin. 

A principle  exists  in  some  vegetables  which  has  the 
property  of  forming  with  tannin  an  insoluble  magma  or 
precipitate,  similar  to  that  which  tannin  forms  with  animal 
gelatin.  Dr  Maton  appears  first  to  have  observed,  that 
infusion  of  Peruvian  bark  forms  a precipitate  with  solu- 
tion of  tannin.  Seguin  supposed,  that  the  febrifuge  qua- 
lity of  the  bark  resides  in  this  principle ; and  on  the  sup- 
position of  its  identity  with  animal  gelatin,  he  with  much 
confidence  recommended  animal  glue  as  a substitute  *. 
Some  experiments  were  made  on  this  principle  by  Dr 
Duncan  junior.  He  found,  that  except  in  combining  with 
tannin,  and  forming  a compound  sparingly  soluble  in  wa- 
ter, it  is  in  no  property  analogous  to  gelatin.  Its  solution 
has  no  tendency  to  assume  a gelatinous  consistence ; and 
it  is  not  precipitated  as  animal  gelatin  is,  by  carbonate  of 
potash.  It  is  also  soluble  in  alkohol,  while  gelatin  is  pre- 
cipitated by  alkohol  from  its  watery  solution.  And  it  does 
not  even  separate  from  a watery  solution  of  tannin,  all  that 
is  precipitable  by  a solution  of  gelatin.  He  proposed  to 
distinguish  it  by  the  name  of  Cinchonin  f.  Vauquelin, 
in  his  analysis  of  the  various  species  of  cinchona,  found, 
that  there  are  some  which  contain  none  of  this  principle, 
and  which  are  not  inferior  to  the  others  in  medicinal 
power  J.  A dissertation  has  since  been  published  by  Dr 
Gomes  ||,  in  which  are  some  experimental  results  with  re- 


* Nicholson’s  Journal,  vol.  vi.  p.  136.  t Ibid.  p.  225. 
t Philosophical  Magazine,  vol.  xxvii.  p.  56. 135. 

||  Memoirs  of  the  Academy  of  Sciences  at  Lisbon j or  Edin- 
burgh Medical  Journal,  vol.  vii. 
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gard  to  its  properties.  The  process  he  employed  to  pro- 
cure it  insulated,  consisted  in  evaporating  tincture  of  Pe- 
ruvian bark  to  the  consistence  of  an  extract,  adding  to 
this  successively  small  portions  of  distilled  water  while  any 
colour  or  taste  is  acquired : filtering  these  solutions,  then 
evaporating  them ; and  adding  to  the  solid  matter  succes- 
sive portions  of  a solution  of  potash,  until  these  come  off 
colourless.  A white  substance  is  thus  obtained,  which  is 
washed  with  a small  portion  of  cold  water.  When  dry 
it  forms  a powder,  which  is  nearly  pure  cinchonin.  By 
dissolving  this  in  alkohol,  straining  the  solution,  adding 
to  it  an  equal  quantity  of  distilled  water,  leaving  it  expos- 
ed to  the  air  until  the  alkohol  evaporates,  straining  the 
residual  liquor,  and  allowing  the  solid  deposite  to  dry  on 
the  filtre,  the  cinchonin  is  obtained  in  fine  white  filiform 
crystals.  These  are  described  as  insipid  and  inodorous, 
inflammable,  insoluble  in  water  cold  or  warm,  soluble  in 
alkohol,  ether,  and  in  acids,  and  yielding  a precipitate 
from  solutions  in  acids,  on  the  addition  of  infusion  of  galls, 
which  is  redissolved  by  alkohol.  This  principle,  as  Gomes 
remarks,  is  analogous  to  resin  in  its  inflammability,  inso- 
lubility in  water,  and  solubility  in  alkohol  and  ether;  but 
it  differs  by  its  crystallization,  and  its  solubility  in  acids. 
In  these,  as  well  as  in  the  other  properties,  it  bears  a more 
close  resemblance  to  camphor ; but  it  differs  from  it  in 
want  of  odour,  in  greater  specific  gravity,  as  it  sinks  in 
water,  and  in  giving  a precipitate  with  infusion  of  galls. 

Some  experiments  have  been  also  made  with  regard  to 
it  by  Van  Smissien,  under  the  direction  of  PfafF,  the  re- 
sults of  which  nearly  correspond  with  these,  except  that 
the  crystals  were  found  to  be  soluble  in  six  times  their 
weight  of  boiling  water,  and  insoluble  in  ether  : they  were 
also  found  to  be  dissolved  by  caustic  potash,  and  to  be  pre- 
cipitated from  this  solution  unaltered  by  sulphuric  acid  : 
their  solution  in  alkohol  did  not  affect  the  tincture  of  galls, 
and  scarcely  altered  the  solution  of  isinglass,  but  it  gave  a 
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precipitate  of  a dark  green  colour  with  solution  of  sulphate 
of  iron.  The  property  of  Peruvian  bark,  of  its  infusion 
forming  a precipitate  with  infusion  of  galls,  is  supposed, 
from  these  results,  to  depend  on  the  presence  of  another 
principle,  analogous  to  extract ; and  the  power  which  it 
has  in  some  of  its  varieties  of  precipitating  gelatin,  is  sup* 
posed  to  arise  from  that  modification  of  tannin  which  pre- 
cipitates iron  of  a green  colour  *. 


Sect.  XVIII. — of  emetin. 

This  is  a principle  which  has  been  lately  described  by 
Magendie  and  Pelletier,  as  obtained  by  them  from  the 
root  of  ipecacuanha,  and  being  apparently  the  matter  in 
which  its  emetic  power  resides. 

If  ipecacuanha  be  digested  with  sulphuric  ether,  an  oily 
odorous  substance  is  dissolved,  and  can  be  procured  by 
evaporation.  If  after  this  the  ipecacuanha  be  digested  in 
alkohol,  on  evaporating  this  tincture  to  dryness,  a portion 
of  solid  matter  is  obtained  ; and  when  water  is  digested  on 
this,  it  affords  by  evaporation  emetin  nearly  pure,  or  with 
a trace  only  of  gallic  acid,  which  may  be  abstracted  by 
maceration  on  carbonate  of  barytes.  Or  if  to  the  aque- 
ous solution  of  the  residue  from  the  evaporation  of  the 
spirituous  infusion,  a solution  of  acetate  of  lead  be  added, 
the  emetin  is  precipitated  in  combination  with  the  oxide 
of  lead.  The  precipitate  after  being  washed  may  be  diffus- 
ed in  water,  and  a current  of  sulphuretted  hydrogen  gas 
transmitted  through  the  liquor  ; the  oxide  of  lead  is  pre- 
cipitated by  the  sulphuretted  hydrogen,  and  the  emetin  re- 
mains in  solution.  By  evaporation  it  is  obtained  in  scales, 
transparent,  and  of  a brownish  red  colour. 


* Annals  of  Philosophy,  vol.  vii.  p.  47. 
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This  substance  is  inodorous ; its  taste  is  bitter,  and 
somewhat  acrid.  It  remains  unchanged  at  the  heat  of 
boiling  water  ; at  a higher  heat,  without  melting,  it  swells, 
becomes  black,  and  is  decomposed,  affording  water,  car- 
bonic acid,  a small  portion  of  oil  and  acetic  acid,  and  leav- 
ing a spongy  charcoal.  No  nitrogen  is  discovered  in  the 
products : it  appears,  therefore,  to  be  a ternary  compound 
of  carbon,  hydrogen,  and  oxygen. 

It  suffers  no  change  from  the  air,  farther  than  a slight 
deliquescence  in  a humid  atmosphere.  It  is  abundantly 
soluble  in  water,  but  does  not  crystallize  from  the  solution  ; 
it  is  dissolved  by  alkohol,  but  not  by  sulphuric  ether. 
Sulphuric  acid  decomposes  and  chars  it.  Nitric  acid  dis- 
solves it,  forming  a red  coloured  solution,  which  becomes 
yellow ; and  after  a disengagement  of  nitric  oxide  gas, 
yields  crystals  of  oxalic  acid.  Muriatic,  acetic,  and  phos- 
phoric acids  dissolve  it,  and  afford  it  again,  apparently 
without  alteration,  when  saturated  by  an  alkali.  Gallic 
acid  throws  it  down  in  a state  of  combination  from  its  a- 
queous  or  spirituous  solution;  and  this  compound  is  dis- 
solved by  the  alkalis.  Nitrate  of  mercury,  and  corrosive 
muriate  of  mercury,  cause  precipitates  from  its  solution. 
The  other  vegetable  principles,  and  the  animal  principles, 
scarcely  exert  any  action  on  it. 

This  substance  is  powerfully  emetic ; and  in  so  small  a 
dose  as  that  of  a grain  or  two,  it  occasions  violent  vomit- 
ing. This  is  one  of  its  most  characteristic  properties  ; its 
chemical  properties  seem  not  to  be  very  distinctive  *. 


* Annales  de  Chimie  et  Physique,  tom.  iv.  Annals  of  Philo- 
sophy, vol.  x.  and  xi- 
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Sect.  XIX. — of  gallic  acid. 

There  exists  in  the  juices  of  many  vegetables,  at  cer- 
tain states  of  maturity,  compounds  possessed  of  acid  pro- 
perties : such  acids  are  likewise  found  combined  with  some 
of  the  proximate  vegetable  principles ; or  united  with  the 
alkalis  or  earths,  forming  what  have  been  named  the  Es- 
sential Salts  of  Plants.  These  native  vegetable  acids  have 
been  classed  together,  as  they  have  a resemblance  in  acidi- 
ty, and  in  chemical  composition.  They  are  not,  however, 
to  be  regarded  as  mere  varieties  of  a species : each  forms 
a species,  or  peculiar  proximate  principle,  with  differences 
as  important  as  exist  among  the  other  immediate  principles 
of  plants.  Eight  acids  of  this  kind  have  been  distinguish- 
ed,— the  Gallic,  Citric,  Malic,  Oxalic,  Tartaric,  Benzoic, 
Acetic,  and  Prussic.  To  these  some  others  have  been 
added,  as  the  Moroxylic  and  Sorbic,  more  doubtful  or 
imperfectly  defined. 

The  greater  number  of  these  acids  are  of  similar  com- 
position with  regard  to  their  constituent  elements ; they 
are  composed  of  carbon,  hydrogen,  and  oxygen,  differing 
only  in  the  proportions  ; hence,  by  partial  change  of  com- 
position, they  are  convertible  into  each  other ; by  oxyge- 
nation, in  particular,  they  pass  ultimately  into  the  oxalic ; 
and  by  decomposition  by  heat  they  afford  the  acetic,  with 
carbonic  acid. 

In  conformity  to  the  theory  of  Lavoisier,  that  oxygen 
is  the  principle  of  acidity,  these  acids  were  supposed  to 
consist  of  a compound  radical  of  carbon  and  hydrogen, 
acidified  by  oxygen,  and  the  distinctions  between  them 
were  supposed  to  depend  principally  on  the  proportions  of 
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the  elements  constituting  the  radical.  Nor  was  any  other 
view  presented  in  their  more  recent  analysis  by  Gay  Lus- 
sac  and  Thenard.  These  chemists  considered  them  as  ter- 
nary compounds,  in  which  the  oxygen  is  in  excess.  In  con- 
formity to  the  doctrine  of  acidity  which  I have  illustrated 
in  the  preceding  volumes,  I consider  these  acids  as  com- 
pounds of  a simple  radical,  carbon,  with  oxygen  and  hy- 
drogen. Carbonic  acid  is  the  binary  compound  of  carbon 
with  oxygen,  in  which,  in  conformity  to  the  principle  sug- 
gested by  this  doctrine,  the  acidity  is  weak ; — the  different 
vegetable  acids  are  the  ternary  compounds  of  carbon  with 
oxygen  and  hydrogen,  in  which,  conformable  to  the  same 
principle,  the  degrees  of  acidity  are  much  more  powerful. 

Under  this  view  of  their  composition,  it  became  of  im- 
portance to  determine  the  proportions  of  their  elements, 
according  to  this  relation.  They  have  within  these  few 
years  been  submitted  to  analysis  by  Gay  Lussac  and  The- 
nard, and  by  Berzelius ; but  the  results  are  in  general  ex- 
tremely discordant,  as  is  apparent  in  the  tables  of  the  com- 
position of  the  vegetable  principles  by  these  chemists,  in- 
serted pages  78.  79.  But  this  discordance,  as  I have  re- 
marked in  the  observations  on  these  tables,  is  more  appa- 
rent than  real.  It  arises  from  the  point  of  view  under 
which  the  composition  is  regarded.  Gay  Lussac  submit- 
ted them  to  analysis  in  the  driest  state  in  which  they  can 
be  procured,  without  the  abstraction  of  what  is  considered 
as  water  of  composition, — generally  in  combination  with 
lime,  in  which  they  exist  in  this  state.  Berzelius,  on  the 
other  hand,  in  conformity  to  the  view  which  has  been 
more  recently  universally  admitted  by  chemists,  that  the 
greater  number  of  acids  contain  water  in  combination, 
which  it  is  necessary  to  abstract  in  determining  their  real 
composition,  submitted  them  to  analysis  in  this  mode,  by 
operating  on  them  in  the  state  of  oxalate  of  lead,  a com- 
bination in  which  this  combined  water  is  removed.  But 
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this  view  of  the  subject  is  incorrect ; the  water  which  is 
obtained  in  the  action  of  oxide  of  lead  on  these  acids,  is 
not  water  which  previously  existed  in  their  composition, 
but  is  water  formed  by  the  combination  of  portions  of 
their  oxygen  and  hydrogen.  These,  therefore,  are  to  be 
admitted  in  the  just  estimate  of  their  composition ; and 
when  this  is  done,  the  results  of  Berzelius  coincide,  as  I 
have  already  remarked,  in  a striking  manner  with  those  of 
Gay  Lussac. 

The  proportions  of  the  elements  of  the  principal  vege- 
table acids,  considered  in  conformity  to  the  principle  I 
have  stated,  afford  a striking  illustration  of  the  theory,  and 
a proof  of  its  truth.  Considering  the  oxygen  and  hydro- 
gen as  elements  bearing  a relation  to  the  carbon  as  the 
radical  or  base  of  the  composition,  they  are  found  to  be  in 
the  usual  definite  proportions  which  they  bear  to  it  in  their 
binary  combinations,  or  in  what  may  justly  be  considered 
as  multiples  or  sub-multiples  of  these.  Oxalic  acid  is  car- 
bon, with  oxygen  in  the  proportion  which  constitutes  car- 
bonic acid,  and  with  hydrogen  in  its  first  or  lowest  pro- 
portion. Tartaric  acid  is  carbon,  with  oxygen  in  the  same 
proportion,  and  with  hydrogen  in  its  third  definite  pro- 
portion, or  multiple.  Acetic  acid  is  carbon,  with  oxygen 
in  its  second  proportion,  or  that  which  forms  carbonic 
oxide,  and  with  hydrogen  in  its  second  proportion,  that 
which  constitutes  olefiant  gas.  Citric  acid  is  carbon,  with 
oxygen  in  the  third  definite  proportion,  that  intermediate 
between  carbonic  oxide  and  carbonic  acid,  and  with  hydro- 
gen in  its  first  proportion.  These  results,  and  those  with 
regard  to  the  other  vegetable  acids,  so  far  as  they  are  esta- 
blished by  analysis,  will  be  more  fully  stated  under  their 
individual  history. 

I proceed  first  to  the  history  of  Gallic  Acid,  as  it  in 
some  measure  forms  the  transition  from  tannin,  a prin- 
ciple with  which  it  has  an  intimate  connection.  They  ge- 
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nerally  exist  together  ; either  of  them  is  seldom  found  irr 
any  vegetable  without  a portion  of  the  other,  and  it  is  not 
certain  if  gallic  acid  has  been  obtained  free  from  tannin. 

This  acid  exists  in  largest  quantity  in  the  gall  nut,  whence 
it  has  received  its  name.  The  infusion  of  galls,  it  had 
been  observed  by  the  Dijon  Academicians,  reddens  the 
infusion  of  litmus : they  farther  found,  that  the  liquor  ob- 
tained by  distillation,  strikes  a black  colour  with  salts  of 
iron ; and  that  its  solution  in  water  precipitates  the  al- 
kaline sulphurets,  and  decomposes  metallic  solutions  *. 
Scheele  first  obtained  the  acid  in  an  insulated  form,  and 
described  its  properties.  He  observed,  that  an  infusion 
of  galls  deposited  a sediment  of  a grey  colour,  and  of  a 
crystalline  appearance,  which  had  an  acid  taste,  and  which 
precipitated  sulphate  of  iron  black.  To  investigate  its 
nature,  he  allowed  a strong  infusion  of  galls  to  remain  in 
a vessel  imperfectly  closed  for  some  months.  A thick 
mould  was  formed  on  its  surface ; its  astringent  taste  di- 
minished, and  its  sourness  increased : a sediment  was  at 
length  collected : this  was  washed  with  cold  water,  and 

o 

then  as  much  boiling  water  poured  on  it  as  was  sufficient 
to  dissolve  it.  On  evaporating  the  filtered  solution  by  a 
gentle  heat,  a salt  was  obtained,  partly  in  the  form  of  a 
fine  sand,  and  partly  in  the  form  of  radiated  crystals,  of 
a grey  colour.  This  has  been  regarded  as  Gallic  Acid  f. 

Other  methods  have  been  employed  to  obtain  it.  Scheele 
observed,  that  when  galls  are  distilled  with  a strong  heat, 
an  acid  liquor  passes  over,  and  afterwards  a saline  matter 
rises,  having  the  properties  of  gallic  acid.  This  method 
has  been  employed  by  Deyeux.  At  first  a limpid  fluid 
condenses,  and  afterwards  crystals  of  a white  colour  form 
in  the  upper  part  of  the  vessel : the  heat  is  stopt  when  the 
crystals  towards  the  lower  part  begin  to  melt,  as,  if  con- 


* Elemens  de  Chimie,  tom.  iii. 
t Crell’s  Chemical  Journal,  vol.  i.  p.  24. 
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tinued  longer,  a portion  of  oil  is  volatilized,  and  renders 
them  impure.  Another  method  is,  to  boil  carbonate  of 
barytes  with  an  infusion  of  gall  nut ; this  affords  a bluish 
green  liquor,  which  appears,  from  the  common  tests,  to 
contain  neither  tannin  nor  extract : when  diluted  sulphu- 
ric acid  is  dropt  into  it,  it  becomes  turbid ; sulphate  of 
barytes  is  precipitated ; and,  after  filtration,  if  the  satu- 
ration of  the  earth  be  perfect,  a colourless  solution  is  ob- 
tained *.  Fiedler  employed  the  affinity  of  alumina,  to 
abstract  the  tannin  and  extract  from  the  gallic  acid  of  the 
infusion  of  galls,  boiling  an  ounce  of  galls  in  sixteen 
ounces  of  water,  until  half  the  quantity  of  liquid  is  eva- 
rated  ; and  adding  to  this  the  quantity  of  alumina  obtained 
from  the  decomposition  of  two  ounces  of  alum  by  an  al- 
kaline solution,  agitating  them  frequently  : after  twenty- 
four  hours,  the  liquor  being  filtered,  passes  colourless ; 
and  it  is  not  rendered  turbid  by  solution  of  gelatin.  This 
liquor  being  concentrated  by  evaporation,  affords  gallic 
acid  in  acicular  crystals  f.  The  process  of  Richter  is  to 
evaporate  an  infusion  of  galls  in  cold  water  to  dryness,  and 
to  pour  pure  alkohol  on  the  dry  matter  : it  dissolves  the 
gallic  acid,  and  leaves  the  tannin  undissolved  : the  alkohol 
is  distilled  from  the  solution  to  nearly  a solid  mass.  Wa- 
ter is  added  to  this,  and  a gentle  heat  applied.  A solu- 
tion, clear  and  almost  colourless,  is  obtained,  which,  by 
evaporation,  affords  small  white  prismatic  crystals  of  gallic 
acid,  about  halt  an  ounce  being  obtained  from  a pound  of 
galls  Berzelius  has  combined  the  method  by  sponta- 
neous decomposition  of  infusion  of  galls  and  sublimation. 
He  renders  the  crystals  deposited  from  the  infusion  as 
pure  as  possible,  by  a second  crystallization  from  their 
watery  solution ; he  then  submits  them  to  a moderate  heat 


* Journals  of  tlie  Royal  Institution,  vol.  i.  p.  274. 
t Nicholson’s  Journal,  8vo,  vol.  i.  p.  257. 
t Philosophical  Magazine,  vol.  xxiii.  p.  74. 
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in  a retort ; they  at  first  give  out  water,  and  then  sublime, 
leaving  a blackish  brown  mass,  in  which  the  presence  of 
tannin  may  be  recognized. 

It  is  doubtful,  whether,  by  any  of  these  processes,  gallic 
acid  is  obtained  free  from  other  principles.  As  obtained 
by  the  first  process,  it  always  retains  a portion  of  tannin. 
Berthollet  endeavoured  to  abstract  this  by  the  action  ol 
oxide  of  tin,  and  Proust  employed  muriate  of  tin  for  the 
same  purpose,  dropping  it  into  the  solution  of  the  acid, 
while  any  flocculi  precipitate,  and  evaporating  the  filtered 
liquor,  till  on  cooling  it  afforded  crystals  *.  But  Lagrange 
found  by  experiment,  that,  if  a small  quantity  of  oxide  of 
tin  were  employed,  the  tannin  is  not  completely  abstract- 
ed ; and  if  a larger  quantity  were  used,  the  gallic  acid,  as 
well  as  the  tannin,  is  decomposed ; the  filtered  solution 
neither  precipitating  gelatin  nor  sulphate  of  iron,  and  af- 
fording no  gallic  acid  by  evaporation  f.  The  process  of 
Fiedler,  in  which  the  affinity  of  alumina  is  employed  to 
abstract  the  tannin,  Davy  found  to  be  deficient ; the  filter- 
ed liquor,  after  the  alumina  had  acted  on  it  in  the  cold, 
gave  a slight  precipitate  with  gelatin ; while,  if  it  were 
boiled  with  it,  the  gallic  acid  itself  was  abstracted.  The 
action  of  barytes  is  probably  liable  to  the  same  difficulty. 
The  method  of  Richter  was  found  by  Lagrange  not  to  suc- 
ceed, the  acid  either  not  being  purified  from  the  tannin, 
or  being  decomposed.  There  remains  only  the  process 
by  sublimation  ; and  it  is  still  to  be  determined,  whether 
the  product  it  affords  is  pure  gallic  acid. 

Lagrange  has  compared  it  with  the  crystallized  acid  ob- 
tained by  the  process  by  Scheele.  The  latter  he  found  im- 
parted to  water  a slight  lemon  colour,  which  becomes 
deeper  by  the  action  of  the  air ; it  reddens  infusion  of  lit- 
mus ; lime  water  and  barytic  water  produce  in  it  a blue 


* Journal  tie  Physique,  tom.  lxi.  p.  107. 
t Nicholson’s  Journal,  vol.  xvii.  p.  62. 
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colour.  Potash  changes  it  to  a deep  brown,  and  ammo- 
nia to  a reddish  brown.  With  green  sulphate  of  iron  it 
gives  a violet  blue ; with  nitrate  of  mercury  a yellow  pre- 
cipitate ; with  acetate  of  lead  and  muriate  of  tin,  one  that 
is  white.  It  gives  a copious  precipitate  with  glue.  With 
the  acid  prepared  by  Richter’s  process,  the  results  from 
these  re-agents  were  similar. 

The  sublimed  acid , Lagrange  found,  when  dissolved  in 
water,  to  emit  an  aromatic  odour,  and  a slight  oilv  pellicle 
appeared  on  its  surface.  Its  solution  becomes  brown  on 
exposure  to  the  air ; it  faintly  reddens  infusion  of  litmus; 
lime-water  in  excess,  and  barytes,  give  it  a fawn  colour : 
potash  and  ammonia  render  it  brown.  Sulphate  of  iron 
dropt  into  it  produces  a blue  colour,  which  soon  changes 
to  a violet ; sometimes  the  colour,  instead  of  being  blue, 
is  a deep  green,  apparently  from  the  degree  of  oxidation 
of  the  metal ; and  from  the  action  of  muriate  of  iron  it  is 
always  so.  With  nitrate  of  mercury  the  precipitate  is 
blackish;  with  acetate  of  lead  it  is  fawn-coloured  ; muriate 
of  tin  produces  no  change.  It  does  not  precipitate  glue*. 

From  these  results,  the  sublimed  acid  appears  to  be  free 
from  tannin,  but  to  contain  a small  portion  of  volatile  oil, 
whence  the  odour  of  its  solution,  and  probably  some  of 
the  phenomena  displayed  in  the  effects  of  re-agents  upon 
it.  The  crystallized  acid  obviously  contains  tannin,  whence 
it  precipitates  gelatin  abundantly,  and  to  this  some  of  its 
other  properties  may  be  ascribed.  It  appears  also  to  be 
more  powerfully  acid,  which  may  be  owing  to  a portion  of 
some  other  vegetable  acid  (the  acetic,  as  Lagrange  conjec- 
tures) adhering  to  it.  The  sublimed  acid  may  therefore 
be  regarded  as  that  which  approaches  nearest  to  purity ; 
though  it  is  also  possible,  that  by  the  process  of  sublima- 
tion it  may  have  suffered  some  change.  From  some  far- 
ther experiments,  Lagrange  advanced  the  opinion,  that 

* Nicholson’s  Journal,  vol.  xvii.  p.  64„ 
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the  gallic  acid  obtained  by  Scheele’s  process  is  a compound 
of  acetic  acid  with  tannin  and  extractive  matter ; and  the 
sublimed  acid  the  acetic  combined  with  less  of  these  prin- 
ciples, and  having  united  with  it  a little  volatile  oil.  The 
only  proofs  given  of  this  opinion  are,  that  on  distilling  galls 
either  with  or  without  water,  an  acid  liquid  was  obtained, 
which,  when  saturated  with  potash,  gave  indications  ol 
acetic  acid;  and  acetic  acid  was  also  afforded  from  the  de- 
composition by  heat  of  the  alkaline  and  earthy  gallates,— 
results  which  might  arise  from  a formation  ot  acetic  acid 
in  the  decomposition.  It  is  also  improbable  that  acetic 
acid,  by  combination  with  tannin  or  extract,  should  ac- 
quire the  property  of  crystallizing  ; and  the  probability  has 
been  already  stated  of  the  opinion,  that  tannin  is  lathci  a 
combination  of  gallic  acid,  than  gallic  acid  of  tannin. 

The  sublimed  acid  in  its  purest  state  is  ot  a white  co- 
lour, and  crystallizes  in  slender  prisms ; its  taste  is  sour, 
and  its  solution  reddens  the  vegetable  colours ; according 
to  Berzelius,  however,  its  taste  is  only  bitter,  and  it  does 
not  redden  litmus.  It  excites  effervescence  with  the  alka- 
line carbonates,  but  does  not  decompose  the  earthy  car- 
bonates. It  is  soluble,  according  to  Scheele’s  experiments, 
in  its  weight  and  a half  of  boiling  water  : the  solution  as 
it  cools  becomes  turbid,  from  the  formation  of  small  crys- 
tals ; it  requires  24  parts  of  cold  water  to  dissolve  it.  It 
is  more  soluble  in  alkohol : dissolving  in  its  own  weight 
when  the  alkohol  is  boiling,  and  requiring  about  four  parts 
when  cold. 

When  exposed  to  heat,  it  fuses,  giving  an  agreeable  o- 
dour,  and  leaving  a hard  coal,  which  is  with  difficulty  re- 
duced to  ashes.  When  the  operation  is  performed  in  a 
retort,  an  acid  liquor  comes  over,  without  any  oil ; and  a 
portion  of  it  sublimes,  remaining  fluid  while  the  neck  of 
the  retort  is  hot,  but  shooting  into  crystals  as  it  cools.  A 
large  quantity  of  charcoal  remains  in  the  retort.  From 
the  products  of  its  analysis,  Berzelius  has  stated  its  compo- 
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sition  at  hydrogen  5.00,  carbon  56.64,  and  oxygen  38.36  *. 
But  this,  in  conformity  to  his  views,  is  the  composition  of 
the  acid  free  Irom  combined  water,  such  as  he  supposes  it 
to  exist  in  certain  combinations,— that,  for  example,  with 
oxide  of  lead,  the  state  in  which  he  operated  on  it.  To 
give  the  real  composition,  conformable  to  the  theory  I 
have  illustrated,  the  proportions  of  oxygen  and  hydrogen 
of  this  combined  water  must  be  added  to  the  others.  The 
quantity  is  most  directly  determined  on  the  principle  which 
has  likewise  been  illustrated,  that  the  quantity  of  oxygen 
expended  in  the  formation  of  this  water,  will  be  equivalent 
to  the  quantity  of  oxygen  in  the  oxide  which  the  acid  sa- 
turates. Berzelius  found,  that  100  of  what  he  considers 
real  gallic  acid,  saturate  a quantity  of  base  containing  12.44 
of  oxygen;  the  hydrogen  equivalent  to  this  is  1.5  T hence 
these  added  to  the  above  proportions,  give  as  the  compo- 
sition carbon  56.64,  oxygen  50.8,  hydrogen  6.5.  This 
gives  the  proportion  of  oxygen  to  carbon  less  than  that 
which  constitutes  carbonic  oxide;  and  if  the  oxygen  in  the 
latter  be  considered  as  the  second  multiple,  that  in  gallic 
acid  will  be  almost  exactly  the  mean  between  it  and  the 
first.  Considering  the  hydrogen  in  super-carburetted  hy- 
drogen as  the  second  proportion  or  multiple  of  that  ele- 
ment, the  proportion  in  gallic  acid  is  nearly  the  first. 

This  acid  combines  with  the  alkalis  and  earths,  forming 
salts  denominated  Gallates,  the  properties  of  which  have 
been  little  examined.  Richter  has  remarked,  that  the  al- 
kaline gallates  form  black  precipitates  with  solutions  of 
iron,  and  likewise  precipitate  all  other  metallic  solutions. 
Lagrange  has  stated,  that  they  scarcely  precipitate  glue, 
even  when  the  acid  from  which  they  are  formed  precipi- 
tates it  copiously,  owing  no  doubt  to  the  tannin  which  is 
present  being  retained  in  combination  with  the  saline  mat- 
ter. The  alkaline  gallates  have  a considerable  degree  of 

* Annals  of  Philosophy,  vol.  v.  p.  176. 
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solubility ; they  have  often  a green  colour,  probably  from 
impregnation  of  foreign  matter. 

Scheele  remarked,  that  gallic  acid  precipitates  metals 
from  their  solutions  of  different  colours ; and  he  added  se- 
veral facts  with  regard  to  these  precipitations,  which,  how- 
ever, are  of  less  value,  as  the  acid  he  employed  must  have 
contained  tannin.  Its  solution  gives  a dark  green  coloui 
to  a solution  of  gold,  and  a brown  powder  is  gradually 
deposited,  which  is  gold  revived.  A solution  of  silver  is 
rendered  brown,  and  deposites,  if  warm,  a grey  powdei, 
which  is  silver  in  its  metallic  state.  A solution  ol  mercury 
is  precipitated  of  an  orange  yellow.  A solution  of  copper 
yields  a brown  sediment.  Acetated  lead  is  precipitated 
white.  Bismuth  gives  a lemon-coloured  precipitate.  I he 
acid  of  molybdena  becomes  of  a dark  yellow,  without  any 
precipitation.  Platina,  zinc,  the  acid  of  arsenic,  tin,  coball, 
and  the  regulus  of  manganese,  undergo  no  change  *. 

Gallic  acid  gives  a black,  or  rather  a very  deep  blue  co- 
lour, with  the  salts  of  iron  : the  precipitate  on  which  this 
depends  is,  as  Proust  has  remarked,  of  greater  tenuity, 
and  remains  longer  suspended  than  that  from  tannin.  In 
this  action,  the  gallic  acid  appears  to  have  nearly  the  same 
relation  to  the  oxide  that  tannin  has ; producing  the  dark 
colour  with  the  solution  in  which  the  iron  is  highly  oxidat- 
ed, while  colour  is  scarcely  apparent  when  the  iron  is  at 
the  minimum  of  oxidation,  and  this  apparently  from  the 
same  cause,  the  weaker  affinity  exerted  by  the  acid  of  the 
salt  to  the  oxide  in  its  former  state.  Richter  has  main- 
tained, that  when  a solution  of  gallic  acid  immediately 
forms  a black  precipitate  in  neutral  solutions  of  iron,  it  is 
not  pure,  but  contains  tannin,  which  combines  with  the 
sulphuric  acid,  and  separates  from  it  the  oxide  of  iron, 
which  then  combines  with  the  gallic  acid  And  it  has 


* Crell’s  Chemical  Journal,  vol.  i.  p.  28. 
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even  been  supposed,  that  the  colour  which  this  acid  pro- 
duces with  the  salts  of  iron,  may  in  all  cases  be  owing  to 
a portion  of  tannin  combined  with  it,  and  that  the  acid,  by 
its  re-action  on  the  precipitate,  only  brings  the  compound 
more  nearly  to  a state  of  solution. 

According  to  Proust,  gallic  acid  dissolves  tannin,  or  ra- 
ther renders  it  more  soluble  in  water.  Partly  from  this, 
and  partly  from  both  principles  forming  compounds  with 
oxide  of  iron  of  a black  colour,  arises  the  advantage  de- 
rived from  their  combination  in  the  formation  of  inks  and 
black  dyes,  or  the  superiority  of  an  infusion  of  a vegetable 
astringent  containing  both,  as  the  gall  nut,  to  the  use  of 
either  in  a purer  state.  These  applications,  which  only 
partly  depend  on  the  agency  of  gallic  acid,  have  been  al- 
ready taken  notice  of  under  the  history  of  tannin. 


Sect.  XX. — of  malic  acid. 

Sciieele,  in  examining  the  acid  juices  of  unripe  fruits, 
found  that  they  consisted  of  two  acids,  in  different  propor- 
tions ; one,  which,  being  abundant  in  the  fruit  of  the 
lemon,  he  named  Acid  of  Lemon,  and  to  which  the  name 
of  Citric  Acid  has  since  been  given ; the  other,  which,  from 
composing  principally  the  juice  of  unripe  apples,  he  named 
Acid  of  Apple,  and  which  has  since  received  the  appella- 
tion of  Malic  Acid.  The  fruit  of  the  gooseberry,  of  cur- 
rants, bilberries,  cherries,  strawberries,  and  raspberries, 
contain  nearly  equal  quantities  of  both  acids  : cranberries, 
whortleberries,  birdcherries,  and  doghips,  contain  the  ci- 
tric, with  little  of  the  malic  acid ; while  the  juice  of  the 
barberry,  elderberry,  sloe,  and  plumb,  consists  of  the  malic 
acid,  with  little  or  no  traces  of  the  citric.  The  history  of 
tile  Malic  acid  is  first  to  be  given. 
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The  process  which  Scheele  gave  for  its  extraction,  is  10 
saturate  the  expressed  juice  of  unripe  apples  by  the  addi- 
tion of  carbonate  of  potash  : to  the  saturated  liquid,  ace- 
tate of  lead  is  added  as  long  as  there  is  any  precipitation  : 
the  precipitate,  which  is  the  compound  of  malic  acid,  and 
oxide  of  lead,  is  washed,  and  diluted  sulphuric  acid  is 
added  until  the  mi  .ture  has  a perfectly  acid  taste,  without 
any  sweetness  : the  malic  acid  thus  disengaged  is  separated 
by  filtration  from  the  sulphate  of  lead  *.  Mr  Donovan 
has  remarked,  that  the  precipitation  of  the  oxide  of  lead 
by  sulphuric  acid  is  objectionable,  as  it  is  difficult  to  ad- 
just the  proportions  so  as  to  do  it  perfectly,  without  leaving 
free  sulphuric  acid.  And  the  juice  of  the  apple,  he  finds, 
contains  a portion  of  another  acid,  what  he  has  named  the 
Sorbic,  which  remains  mixed  with  the  malic. 

When  the  malic  exists  in  combination  with  citric  acid, 
the  process  which  Scheele  employed  to  separate  them,  was 
to  evaporate  the  e pressed  juice  to  the  consistence  of  ho- 
ney, and  then  dissolve  it  in  alkohol : the  mucilaginous  mat- 
ter was  thus  removed.  This  liquor  being  filtrated,  the  al- 
kohol was  evaporated,  and  to  the  remaining  acid  fluid 
twice  its  weight  of  water  was  added.  It  was  then  saturat- 
ed  with  chalk  : the  citric  acid  forms  with  the  lime  of  the 
chalk  an  insoluble  compound,  the  precipitation  of  which 
is  promoted  by  boiling  the  liquor  a little.  The  compound 
of  lime  and  malic  acid  remaining  in  solution  is  precipitat- 
ed by  alkohol ; the  malate  of  lime  may  then  be  decompos- 
ed by  the  addition  of  acetate  of  lead,  and  the  malate  of 
lead  thus  obtained  decomposed  by  sulphuric  acid,  as  in 
the  preceding  process.  In  this  method  the  mucilage  of 
the  fruit  is  more  completely  separated  by  the  previous  ad- 
dition of  the  alkohol,  than  in  the  other. 

Malic  acid  can  be  artificially  formed.  Sugar,  when  act- 
ed on  by  nitric  acid,  is  converted  principally  into  oxalic 
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acid ; but  Scheele  observed,  that  a quantity  of  malic  acid 
is  also  produced.  If  the  oxalic  acid  be  separated,  by  add- 
ing lime-water  as  long  as  there  is  any  precipitation,  there 
remains  in  solution  the  malic  acid,  which  may  be  separated 
by  a process  similar  to  that  last  described.  The  execution 
of  this  process  is,  however,  attended  with  difficulty. 

Vauquelin  found,  that  the  acid  contained  in  the  Semper - 
vivum  tectorum,  is  the  malic  acid  combined  with  lime ; 
and,  according  to  Mr  Donovan,  the  acid  is  extr  acted  from 
this  plant  in  greater  purity  than  from  any  other  vegetable*. 

Malic  acid  is  not  susceptible  of  crystallization.  By  this 
it  is  distinguished  from  the  other  vegetable  acids,  and  is 
also  capable  of  being  more  easily  detected  when  mixed  with 
them,  as  it  forms  the  uncrystallizable  residue  of  the  liquid 
from  which  they  have  crystallized.  When  much  evapo- 
rated, it  becomes  thick  and  viscid  ; and  is  deliquescent. 
Its  solution  is  of  a brownish  red  colour,  has  a very  sour 
taste,  and  reddens  deeply  the  vegetable  colours. 

When  exposed  to  heat,  it  is  easily  decomposed : its  co- 
lour darkens ; it  swells,  exhales  an  acrid  vapour,  and  leaves 
a voluminous  coal.  When  subjected  to  destructive  distil- 
lation, the  products  are  empyreumatic  acetic  acid,  carbo- 
nic acid  gas,  with  carburetted  hydrogen,  and  charcoal. 
The  proportions  of  its  elements  have  not  been  determined. 

Malic  acid,  in  the  state  of  its  watery  solution,  soon  suf- 
fers spontaneous  decomposition. 

It  is  decomposed  by  the  more  powerful  acids  : sulphuric 
acid  chars  it : nitric  acid  converts  it  into  oxalic  acid. 

It  unites  with  the  alkalis  and  earths,  forming  salts  de- 
nominated Malates,  the  properties  of  which  have  scarcely 
been  examined  but  by  Scheele.  With  the  alkalis  it  forms 
6alts,  which  are  deliquescent.  With  lime  it  forms  a salt, 
when  neutral,  in  small  irregular  crystals,  which  require  a 
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large  quantity  of  boiling  water  for  their  solution;  but  when 
there  is  a slight  excess  of  acid,  they  are  readily  soluble  in 
cold  water.  In  combining  with  barytes,  the  results  are 
similar.  By  the  comparative  solubility  of  these  combina- 
tions with  this  earth,  it  is  easily  distinguished  from  oxalic 
and  some  of  the  other  vegetable  acids.  With  alumina  it 
affords  a neutral  salt,  which  is  not  easily  soluble  in  water; 
with  magnesia,  a deliquescent  salt. 

Malic  acid  acts  on  some  of  the  metals.  Scheele  observ- 
ed, that  it  dissolves  iron  and  zinc : the  solution  of  malate 
of  iron  is  brown,  and  not  crystallizable;  that  of  zinc  yields 
regular  crystals.  He  adds,  that  upon  the  other  metals  it 
has  no  perceptible  effect.  It  combines,  however,  with 
their  oxides,  and,  in  consequence  of  such  combinations, 
causes  precipitates  in  several  of  the  metallic  solutions.  It 
precipitates,  in  particular,  the  nitrates  of  mercury,  lead, 
and  silver.  It  also  decomposes  the  solution  of  gold,  and 
even  reduces  the  oxide  to  the  metallic  state. 


Sect.  XXL — of  sorbic  acid. 

The  name  of  Sorbic  Acid  has  been  given  by  Mr  Do- 
novan to  an  acid,  which  he  found  to  be  associated  with  the 
malic  acid  in  the  berries  of  the  Sorbis  aucuparia,  and  in 
several  other  fruits.  Scheele  had  stated,  that  the  acid  in 
these  berries  is  the  malic  ; but  Mr  Donovan  observed,  that 
when  the  juice  is  precipitated  by  acetate  of  lead,  the  liquid 
that  passes  through  the  filtre  deposites  crystals,  and  malate 
of  lead  does  not  crystallize.  It  contains,  therefore,  another 
acid  along  with  the  malic,  which  gives  this  result.  They 
are  separated  by  adding  to  the  juice  acetate  of  lead ; the 
Compounds  of  oxide  of  lead,  both  with  the  malic  acid  and 
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the  other  acid,  are  precipitated.  The  compound  with 
the  latter  is,  by  the  affusion  of  boiling  water,  resolved  into 
a super  and  a sub-salt ; the  former  is  held  in  solution,  but, 
as  the  solution  cools,  the  neutral  compound  is  deposited  in 
crystals.  When  this  action  of  boiling  water  ceases,  the 
more  powerful  action  of  diluted  sulphuric  acid  is  employ- 
ed to  disengage  the  free  acid.  The  whole  of  the  crystal- 
lized product  is  collected,  and  submitted  to  the  action  of 
diluted  sulphuric  acid  at  a boiling  heat  for  half  an  hour, 
supplying  water  to  keep  up  the  evaporation.  The  clear 
liquor  is  filtered,  and,  while  still  hot,  sulphuretted  hydro- 
gen is  transmitted  through  it ; and  when  all  the  oxide  of 
lead  has  been  precipitated,  it  is  boiled  down,  and  left  ex- 
posed to  the  air  to  discharge  the  excess  of  sulphuretted 
hydrogen  : the  pure  acid  is  thus  obtained.  It  is  transpa- 
rent, colourless,  and  inodorous ; soluble  in  alkohol,  and 
in  water  in  every  proportion.  When  evaporated  it  forms 
an  uncrystallizable  mass,  which  is  deliquescent : its  taste  is 
intensely  sour ; it  does  not  rise  in  distillation,  and  it  is 
scarcely  liable  to  spontaneous  decomposition.  With  pot- 
ash, soda,  and  ammonia,  it  forms  salts,  which,  when  there 
is  an  excess  of  acid  in  the  combination,  form  permanent 
crystals.  With  lime  and  barytes  it  forms  insoluble  neu- 
tral salts  : with  magnesia  a salt  soluble  and  crystallizable : 
with  alumina  it  cannot  be  combined.  In  these  combina- 
tions, as  well  as  in  that  with  oxide  of  lead,  it  differs  from 
malic  acid.  It  also  decomposes  malate  of  lead. 

The  discovery  of  this  acid  has  lately  been  confirmed  by 
Braconnot  and  Vauquelin.  The  latter  chemist  remarks, 
that  it  may  be  obtained  in  crystalline  grains,  from  its  solu- 
tion evaporated  to  the  consistence  of  syrup.  These  are 
volatilized  by  a moderate  heat  without  decomposition,  and 
the  acid  condenses  in  slender  needles.  He  states  its  com- 
position,  in  the  state  in  which  it  exists  in  sorbate  of  lead, 
at  carbon  28.3,  oxygen  54.9,  and  hydrogen  16.8.  Bra- 
connct  has  remarked,  that  it  is  extensively  diffused  in  the 
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vegetable  kingdom.  In  verjuice  it  exists  in  considerable 
quantity  *. 


Sect.  XXII. — of  citric  acid. 

It  is  this  acid  which  exists  in  the  juice  of  the  lemon  and 
lime,  and  gives  it  its  sourness.  It  is  mixed  with  mucilagi- 
nous and  extractive  matter ; and  we  are  indebted  to  Schetle 
for  the  process  by  which  the  acid  is  obtained  pure.  It  con- 
sists in  saturating  the  expressed  juice  of  the  lemon,  by  the 
addition  of  chalk.  The  citric  acid,  combining  with  the 
lime,  forms  an  insoluble  compound,  which  precipitates. 
This  is  washed  with  warm  water,  to  remove  the  mucilage 
and  extractive  matter.  The  citrate  ol  lime  is  then  subject- 
ed, in  a matrass,  to  the  action  of  as  much  sulphuric  acid, 
previously  diluted,  as  is  sufficient  to  saturate  the  lime  ol  the 
quantity  of  chalk  that  has  been  employed.  1 he  citric  acid 
is  disengaged  and  dissolved  by  the  water  : the  mixture  is 
boiled  for  a few  minutes,  to  facilitate  the  precipitation  of 
the  sulphate  of  lime,  and  is  filtered.  The  filtered  liquor 
is  evaporated  to  the  consistence  of  syrup,  any  sulphate  of 
lime  separated  during  the  evaporation  being  withdrawn  ; 
and,  on  cooling  and  standing  for  some  time,  the  citric  acid 
is  obtained  in  needle-like  crystals.  Scheele  found  it  useful 
to  add  a slight  excess  of  sulphuric  acid ; and  Dize  f has 
remarked,  that  this  is  requisite  to  decompose  and  facilitate 
the  separation  of  a portion  of  mucilage  or  extractive  mat- 
ter, which  adheres  to  the  citric  acid  when  it  combines  with 
the  lime,  and  which,  when  the  acid  is  afterwards  disengag- 
ed, opposes  its  crystallization.  Proust  has  observed,  how- 


* Annales  de  Cliimie  et  Physique,  tom.  vi. 
t Nicholson’s  Journal,  4to,  vol.  ii.  p*  45. 
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ever,  that  if  too  great  an  excess  of  sulphuric  acid  be  used, 
it  re-acts  on  the  citric  acid  itself,  and  chars  it,  and  the  eva- 

v ' * 

porated  fluid  does  not  crystallize  *.  He  has  added  some 
facts,  with  regard  to  the  proportions,  that  may  be  useful 
in  conducting  the  process.  Four  ounces  of  chalk,  satu- 
rated with  lemon  juice,  required  for  the  saturation  94 
ounces ; and  from  this  7i  ounces  of  dry  citrate  of  lime 
were  obtained.  The  four  ounces  of  chalk  required  for  its 
saturation  20  ounces  of  a diluted  sulphuric  acid,  composed 
of  one  part  of  the  common  sulphuric  acid,  with  three  of 
water ; and,  of  course,  this  is  the  quantity  of  that  acid  to 
be  used  in  decomposing  this  quantity  of  citrate  of  lime. 

Citric,acid  exists  in  a number  of  other  fruits,  from  which 
it  may  be  extracted,  and  what  is  at  present  found  in  the 
shops,  is  often  prepared  from  the  juice  of  the  lime.  From 
Vauquelin’s  analysis  of  the  pulp  of  the  tamarind  f,  it  ap- 
pears to  be  the  chief  acid  constituent  of  that  fruit. 

Citric  acid  obtained  by  a first  crystallization,  is  not  per- 
fectly white,  but  it  becomes  so  when  the  crystallization  is 
repeated.  Its  crystals,  when  regular,  are  rhomboidal 
prisms,  acuminated  by  four  planes : they  contain,  accord- 
ing to  Berzelius,  17  of  water  of  crystallization.  Its  acid 
powers  are  considerable : its  taste  is  extremely  sour,  and 
almost  caustic  ; and  it  instantly  reddens  the  vegetable  co- 
lours. 

Exposed  to  heat,  the  crystals  melt,  from  the  solvent  power 
of  their  water  of  crystallization  ; by  the  continuance  of  the 
heat,  the  acid  suffers  decomposition,  exhales  an  acrid  va- 
pour, and  is  reduced  to  a coal.  Subjected  to  destructive 
distillation,  it  affords  an  acid  liquor,  which  appears  to  be 
the  acetic,  and  afterwards  carbonic  acid  gas  and  carburet- 
ted  hydrogen,  leaving  a light  charcoal.  Decomposed  by 
the  action  of  hyper-oxymuriate  of  potash  at  a high  tern- 

* Philosophical  Magazine,  vol.  x.  p.  112. 

t Annales  clc  Chimie,  tom.  v.  p.  104. 
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perature,  the  products,  according  to  Gay  Lussac’s  analysis, 
give  as  the  proportions  of  its  elements,  carbon  33.81 1,  oxy- 
gen 59.859,  hydrogen  6.330.  Berzelius  states  the  compo- 
sition from  the  products  of  the  combustion  of  the  acid  com- 
bined with  oxide  of  lead,  at  carbon  41.369,  oxygen  54.831> 
hydrogen  3.800.  But  in  this  combination  a portion  of  wa- 
ter has  been  abstracted  from  it,  which  he  regarded  as  the 
combined  water  of  the  acid,  but  which  is  to  be  considered 
as  water  formed  from  the  combinations  of  portions  of  the 
oxygen  and  hydrogen  of  the  acid.  Estimating  the  quan- 
tity of  water,  on  the  principle  already  assigned,  from  the 
quantity  of  base  which  the  acid  saturates,  it  amounts  on 
100  of  the  real  acid  of  Berzelius  to  13.59  of  oxygen,  and 
1.1  of  hydrogen  ; and  adding  these  to  the  above  propor- 
tions, the  composition  is  carbon  41.37,  oxygen  68.42,  and 
hydrogen  4.9,  which,  with  some  deficiency  in  the  propor- 
tion of  the  last  element,  agrees  nearly  with  the  composition 
assigned  by  Gay  Lussac.  The  proportion  of  oxygen  to 
carbon  is  that  which  may  be  considered  as  intermediate  be- 
tween carbonic  oxide  and  carbonic  acid.  The  hydrogen 
is  nearly  in  what  may  be  regarded  as  the  first  proportion 
of  that  element  to  carbon,  the  same  as  in  gallic  acid. 

This  acid  is  very  soluble  in  water.  At  a moderate  tem- 
perature, 100  parts  of  water  dissolve,  according  to  Vau- 
quelin,  75  parts,  cold  being  produced  during  the  solution  ; 
at  212°,  it  dissolves  tw  ice  its  weight  of  it.  Like  the  other 
vegetable  acids,  its  solution  undergoes  spontaneous  de- 
composition, though  not  very  readily. 

The  more  powerful  acids  decompose  it,  though  writh  dif- 
ficulty. Concentrated  sulphuric  acid  converts  it,  accord- 
ing to  Fourcroy,  into  acetic  acid.  Scheele  remarked,  that 
nitric  acid  did  not  convert  it,  as  it  does  some  of  the  other 
vegetable  acids,  into  oxalic  acid  ; but  Fourcroy  and  \ au- 
quelin  found,  that  when  acted  on  by  a large  quantity  of 
nitric  acid,  it  affords  a small  portion  of  oxalic,  w ith  acetic 
acid. 
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Citric  acid  combines  with  the  alkalis  and  earths,  form- 
ing salts  denominated  Citrates ; the  properties  of  which 
have  been  examined  with  care  by  Vauquelin,  the  results  ol 
whose  experiments  have  been  stated  by  Fourcrcy 

The  citrate  of  potash  is  very  soluble,  does  not  crystal- 
lize but  with  difficulty,  and  is  deliquescent : its  taste  is 
saline,  and  rather  mild.  It  contains  55.55  ol  acid,  and 
4-4*. 45  of  alkali.  Citrate  of  soda  is  likewise  very  soluble, 
requiring  little  more  than  its  weight  of  wrater  for  its  solu- 
tion ; it  crystallizes  in  six-sided  prisms,  and  the  crystals  are 
slightly  efflorescent.  Their  taste  is  faintly  saline : the  pro- 
portions of  the  solid  salt  are  60.7  of  acid,  and  39.3  of  soda. 
Citrate  of  ammonia  is  even  more  soluble  than  the  others, 
and  does  not  crystallize  but  when  its  solution  is  much  con- 
centrated : the  form  of  its  crystals  is  an  elongated  prism. 
It  consists  of  62  of  acid,  and  38  of  ammonia.  The  earthy 
citrates  are  in  general  less  soluble.  When  the  solution  ot 
barytes  is  poured  into  the  acid,  a precipitate,  soluble  in  the 
liquid  by  agitation,  is  formed ; when  the  whole  is  saturat- 
ed, the  salt  is  deposited  in  a kind  of  crystalline  powder, 
which  a large  quantity  of  water  dissolves.  It  consists  of 
50  of  acid,  and  50  of  base.  When  citric  acid  is  saturated 
by  lime,  small  crystals  are  deposited,  which  are  very  spar- 
ingly soluble:  100  parts  contain  62.66  of  acid,  and  37.34? 
of  lime.  When  saturated  by  magnesia,  the  concentrated 
solution  does  not  crystallize  regularly,  but  assumes  the 
state  of  a white,  opaque,  and  spongy  salt.  Its  proportions 
are  66.66  of  acid,  and  33.34  of  base. 

Vauquelin  has  likewise  examined  the  action  of  citric  acid 
on  the  metals.  It  does  not  dissolve  silver,  but  it  combines 
with  its  oxide,  and  forms  a salt  insoluble,  of  a harsh  me- 
tallic taste,  and  which,  like  the  other  salts  of  silver,  is 
blackened  by  light : it  is  also  decomposed  by  heat,  leaving 
metallic  silver  intermixed  with  charcoal.  It  consists  of  36 


* System  of  Chemical  Knowledge,  vol.  vii.  p.  282. 
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of  acid,  and  64-  of  oxide.  Quicksilver  is  scarcely  more 
acted  on  by  citric  acid,  but  its  oxide  combines  with  it : the 
red  oxide,  when  added  to  the  acid,  causes  an  effervescence, 
and  becomes  white  and  solid  : the  salt  is  not  perceptibly 
soluble  in  water,  but  is  decomposed  by  it,  the  water  be- 
coming milky.  It  is  decomposed  by  heat,  and  the  oxide 
is  reduced.  Zinc  is  dissolved  by  a solution  of  citric  acid, 
hydrogen  gas  being  disengaged  ; and  the  solution  yields 
small  brilliant  crystals  insoluble  in  water : 100  parts  of  this 
salt  contain  nearly  equal  parts  of  acid  and  oxide.  Iron  is 
dissolved  in  the  same  manner:  the  solution  is  of  a brown  co- 
lour, and  by  spontaneous  evaporation  deposites  small  crys- 
tals. This  salt  is  very  soluble  in  water ; its  taste  is  very 
astringent : it  consists  of  30.38  of  oxide,  and  60.62  of  acid. 
Citrate  of  lead,  which  is  insoluble,  consists  of  34.18  of  ci- 
tric acid,  and  65.82  of  oxide  oi  lead. 

As  affording  chemical  characters  by  which  this  acid  may 
be  distinguished,  it  may  be  added,  that  solutions  of  the 
acetates  of  magnesia,  lime,  and  alumina  ; of  the  muriates 
of  barytes,  lime,  alumina,  and  magnesia ; and  of  the  ni- 
trates and  sulphates  of  these  substances,  undergo  no  appa- 
rent change  from  the  addition  of  citric  acid.  1 he  muriates 
and  nitrates  of  zinc,  the  sulphate,  muriate,  nitrate,  and 
acetite  of  copper,  are  not  decomposed  by  it ; acetate  of 
lead  gives  a precipitate  of  a white  powder : nitrate  and 
acetate  of  mercury  are  also  decomposed,  and  a precipitate 
of  a brick-red  colour  thrown  down : acetate  and  sulphate 
of  iron  in  solution,  receive  from  it  a green  tinge  *.  All 
the  alkaline  citrates  are  precipitated  by  the  solution  of  ba- 
rytes : the  precipitate  which  they  form  with  calcareous 
salts,  is  soluble  in  less  than  5 00  parts  of  water.  The  oxa- 
lic and  tartaric  acids  decompose  them,  and  form  crystal- 
lized or  insoluble  precipitates  f. 


* Diz.e,  Nicholson’s  Journal,  4to,  vol.  ii.  p.  45. 
t Vauquelin,  Fourcroy’s  Chemistry,  vol.  vii.  p.  2S(>. 
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Citric  acid,  in  its  crystallized  state,  can  be  preserved  for 
any  length  of  time  without  decomposition ; and  a grateful 
lemonade  may  be  prepared  from  it,  by  dissolving  30  or  40 
grains  in  a pint  of  water,  with  the  addition  of  a little  su- 
gar, and  to  communicate  flavour,  of  a little  lemon  peel,  or 
of  a powder  formed  by  rubbing  sugar  on  the  fresh  lemon. 
The  lemon  juice  may  be  regarded  as  a specific  in  scurvy; 
it  is  uncertain  whether  or  not  the  crystallized  citric  acid 
may  be  equally  effectual. 


Sect.  XXIII. — of  oxalic  acid. 

It  has  been  long  known,  that  a crystallized  acid  salt  may 
be  procured  from  the  juice  of  some  of  the  species  of  sorrel, 
particularly  the  Oxalis  acetosella.  Margraaf  observed  the 
existence  ol  potash  in  this  salt ; but  the  nature  of  its  acid 
was  not  well  determined.  Bergman  made  public  the  fact, 
which  is  said  to  have  been  discovered  by  Scheele,  that  su- 
gar, when  subjected  to  the  action  of  nitric  acid,  affords  an 
acid  of  a particular  nature,  the  properties  of  which  he  also 
stated  ; and  some  time  afterwards  Scheele  discovered,  that 
the  acid  which  exists  in  the  salt  of  sorrel  is  of  the  same 
nature ; that  it  may  be  extracted  from  that  salt,  and  ob- 
tained pure ; and  that  a salt  analogous  to  the  salt  of  sorrel 
may  be  formed,  by  combining  the  acid  prepared  from  su- 
gar, with  such  a quantity  of  potash  as  shall  leave  an  excess 
of  acid.  To  this  acid,  thus  existing  as  a vegetable  product, 
and  capable  also  of  being  artificially  formed,  the  name  of 
Oxalic  has  been  given. 

o 

The  native  salt  of  sorrel,  the  super-oxalate  of  potash,  is 
extracted  from  the  juice  of  the  sorrel,  by  the  following  pro- 
cess : The  leaves  of  the  plant  are  bruised  with  a little  wa- 
ter, and  the  juice  expressed ; the  impurities  are  allowed  to 
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subside,  and  the  separation  of  any  foreign  matter  is  facili- 
tated by  heating  it  slightly : it  is  clarified  by  adding  to  it 
water,  in  which  a small  portion  of  fine  clay  has  been  sus- 
pended, and  with  which  it  is  agitated.  The  clarified  juice 
is  put  into  boilers  of  tinned  copper,  and  is  boiled  gently, 
until  a pellicle  forms  on  its  surface : it  is  put  aside  lor  a 
month,  in  earthen  vessels : a salt  crystallizes  on  the  sides 
of  the  vessel,  of  a greyish  colour  ; and  fresh  quantities  of 
this  are  obtained,  by  renewing  the  evaporation  and  clari- 
fication. The  whole  salt  is  purified  by  a second  crystalli- 
zation, and-  is  obtained  white  in  four-sided  prisms  *.  It  is 
known  in  the  shops  under  the  name  of  Salt  ot  Lemons, 
and  is  used  principally  for  removing  stains  from  ink. 

Scheele  obtained  the  acid  from  this  salt,  by  adding  to  its 
solution  in  water  a solution  ol  acetate  of  lead,  as  long  as 
there  is  any  precipitation.  T.  he  precipitate  is  the  oxalate 
of  lead.  It  is  washed  with  water,  and  decomposed  by  the 
addition  of  sulphuric  acid ; the  proportion  of  this  being 
estimated  from  the  quantity  of  it,  known  by  a previous  ex- 
periment to  be  necessary  for  the  decomposition  ot  the  quan- 
tity of  acetate  of  lead  employed.  The  oxalic  acid  is  ob- 
tained by  slow  evaporation,  in  regular  prismatic  crystals  f. 

The  same  acid  exists  in  other  species  of  sorrel,  and  in 
some  other  vegetables.  1 he  earthy-like  matter  dissemi- 
nated in  streaks  in  the  root  ot  rhubarb,  Scheele  found  to 
consist  of  oxalic  acid,  combined  with  lime  f ; he  found  it 
also  in  the  roots  of  bistort,  liquorice,  squil,  turmeric,  tor- 
mentil,  ginger,  kc.  and  in  the  barks  of  cannella,  cascarilla, 
cinnamon,  quassia,  oak,  elm,  and  others  ||.  Deyeux  found, 
that  the  acid  juice  contained  in  the  fibres  of  chick  pease  is 
oxalic  acid  ; though  Dispan  has  since  stated  some  impel  - 


* Annales  de  Chimie,  tom.  xiv.  p.  7. 
t Crell’s  Chemical  Journal,  vol.  i.  p.  JOS 
J Ibid.  vol.  i.  p.  54-. 
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fcct  experiments,  from  which  he  considered  the  acid  from 
this  vegetable  to  be  a peculiar  one,  to  which  he  gave  the 
name  of  Ciceric  *. 

The  artificial  formation  of  this  acid  from  sugar  is  effect- 
ed according  to  the  process  described  by  Bergman.  One 
ounce  of  refined  sugar,  in  powder,  is  mixed  in  a tubulated 
retort,  with  three  ounces  of  nitrous  acid  : when  the  solu- 
tion is  completed,  and  the  disengagement  of  gas  has  ceased, 
the  solution  is  to  be  gently  boiled.  When  it  acquires  a 
dark  brown  colour,  three  ounces  more  of  nitrous  acid  are 
to  be  added,  and  the  boiling  continued  until  the  coloured 
and  smoking  acid  has  entirely  disappeared.  The  liquor  in 
the  retort  being  poured  out,  itdeposites  on  cooling  slender 
crystals,  being  quadrangular  prisms  ; when  dried  on  bibu- 
lous paper,  they  weigh  109  grains.  The  remaining  liquor, 
boiled  with  two  ounces  of  nitrous  acid  until  the  red  va- 
pours begin  to  disappear,  on  cooling  affords  43  gi'ains  of 
crystals  f.  The  quantity,  however,  is  liable  to  vary  ; for 
if  the  nitric  acid  be  boiled  too  long,  a portion  is  decom- 
posed, and  the  crystallized  product  is  diminished.  The 
crystals  require  to  be  rendered  pure  by  repeated  solutions 
and  crystallization. 

The  changes  effected  in  this  production  of  oxalic  acid 
from  sugar,  are  not  precisely  ascertained.  Oxygen  is  com- 
municated from  the  nitric  acid ; but  it  is  uncertain  how 
this  operates  in  the  production  of  the  acid.  From  the 
small  quantity  of  acid  obtained  from  a given  quantity  of 
sugar,  it  is  obvious  that  it  does  not  merely  combine  with 
the  saccharine  matter  to  acidify  it,  but  probably  unites 
with  portions  of  its  carbon  and  hydrogen,  forming  water 
and  carbonic  acid,  and  leaving  the  remaining  elements  in 
those  proportions  which  constitute  oxalic  acid.  There  is 


* Annales  de  Chimie,  tom.  xxx.  p.  17P. 
t Jiergman’s  Essays,  vol.  i.  p.  ,504. 
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also  a formation  of  malic  acid,  which  remains  in  the  urf- 
crystallizable  liquor. 

This  acid  is  formed  from  other  vegetable  substances  sub- 
jected to  a similar  process.  Bergman  obtained  from  100 
parts  of  gum-arabic  about  26  of  acid;  from  8 of  alkohol, 

3 parts  ; and  from  a number  of  vegetable  products  a great- 
er or  less  quantity.  It  is  even  afforded  by  some  animal 
substances,  when  they  are  acted  on  by  nitric  acid  so  as  to 
disengage  their  nitrogen. 

Oxalic  acid  crystallizes  in  slender  four-sided  rhomboidal 
prisms,  bevelled  at  each  extremity.  The  crystals  are  of  a 
white  colour,  transparent,  permanent  m the  air,  or  slightly 
efflorescent.  They  contain  water  of  crystallization  : so  that 
when  heated  on  a sand  bath  they  fell  into  powder,  and  lose 
weight : but  as  the  acid  is  partly  volatilized,  the  quantity 
cannot  be  estimated  from  this : from  the  water  which  ap- 
pears to  be  separated  from  it  in  its  combination  with  lime, 
Dr  Thomson  estimates  it  at  23  per  cent.  By  neutralizing 
a o-iven  weight  of  the  crystallized  acid  with  ammonia,  and 
precipitating  by  muriate  of  lime,  Bcrard  obtained  a result, 
whence  he  inferred  that  it  contains  27.3  per  cent,  ihc 
taste  of  the  crystals  is  very  sour,  and  they  communicate 
this,  as  well  as  the  power  of  reddening  the  vegetable  co- 
lours, to  a large  quantity  of  water.  Twenty  grains  give  a 
sensible  acidity  to  three  pints.  They  are  soluble  in  twice 
their  weight  of  cold  water,  and  in  an  equal  weight  of  boil- 
lino-  water.  They  are  also  soluble  in  alkohol ; 100  parts 
when  boiling,  taking  up  nearly  56  of  the  acid,  but  at  an 
inferior  heat  not  above  40.  They  dissolve  in  sulphuric 

ether,  though  with  difficulty  *. 

Exposed  to  heat,  the  acid  suffers  aqueous  fusion  : when 
it  begins  to  boil,  it  becomes  brown,  and  is  decomposed  ; 
an  acid  liquor  passes  over  ; an  acid  powder  is  condensed  in 
the  neck  of  the  receiver,  which  is  the  oxalic  acid,  exticme- 
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ly pure,  the  residuum  being  a brown  or  grey  matter;  and 
a large  quantity  ot  elastic  fluid  is  disengaged  during  this 
decomposition,  of  which  about  one-half  is  carbonic  acid ; 
the  other  is  inflammable.  When  the  sublimed  portion 
ot  acid  is  again  subjected  to  the  same  operation,  it  is 
paitly  sublimed,  and  partly  resolved  into  an  acid  liquor 
not  crystal lizable;  and  by  repeating  this  a third  time,  the 
decomposition  is  completed. 

The  composition  of  this  acid  has  been  very  variously  es- 
timated. From  its  not  yielding  empyreumatic  oil  in  its 
decomposition,  it  seemed  to  contain  little  hydrogen ; the 
large  quantity  of  carbonic  acid  it  affords,  indicated  the  pre- 
sence of  a large  proportion  of  carbon  ; and  from  the  other 
vegetable  acids  being  converted  into  it  by  oxygenation,  it 
was  inferred  to  contain  a large  proportion  of  oxygen.  But 
the  proportions  have  been  variously  assigned.  Part  of  the 
discordance  has  arisen  from  the  presence  of  water  of  crys- 
tallization, and  the  difficulty  of  abstracting  this  entirely, 
i o obviate  this  it  has  been  submitted  to  analysis  in  the 
state  of  oxalate  of  lime.  This  salt  decomposed  by  heat, 
yields  carbonic  acid,  carbonic  oxide,  carburetted  hydro- 
gen, water,  and  charcoal : from  the  quantities  of  these 
l)r  Thomson  inferred,  that  oxalic  acid  consists  of  carbon 
31.78,  oxygen  64.69,  and  hydrogen  3.53  *.  Gay  Lussac 
and  Thenard  decomposed  dry  oxalate  of  lime,  by  the  ac- 
tion of  oxymuriate  of  potash,  and  assigned  as  the  propor- 
tions, carbon  26.566,  oxygen  70.689,  hydrogen  2.745. 
But  the  acid  in  this  combination  contains,  accordino-  to  the 

• . ' O 

notion  which  has  been  of  late  years  adopted  by  chemists, 
combined  water,  the  quantity  of  which,  according  to  the 
experiments  of  Vogel,  is  about  20  per  cent.  To  remove 
this,  and  determine  the  composition  of  what  is  considered 
as  the  real  acid,  Berzelius  operated  on  it,  in  conformity 
to  his  usual  method,  in  the  state  of  oxalate  of  lead.  He 
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found  the  composition,  carbon  33.222,  oxygen  66.534, 
hydrogen  0.244.  And  if  the  results  of  Gay  Lussac’s  ana- 
lysis be  corrected  by  abstracting  the  water  ot  composition, 

they  are  very  nearly  the  same  *. 

In  conformity  to  the  theory  ot  the  constitution  ot  the 
vegetable  acids  which  I have  illustrated,  oxalic  acid  is  to 
be  regarded  as  having  carbon  for  its  radical,  acidified  by 
oxygen  and  hydrogen.  The  wrater  ot  crystallization  is  to 
be  abstracted  from  it  in  estimating  its  composition  ; but 
the  water  of  combination  abstracted  in  the  process  of  Ber- 
zelius, is  water  formed  by  the  combination  of  portions  of 
the  oxygen  and  hydrogen  ot  the  acid.  It  these  be  added 
to  the  composition  he  states,  they  give  as  the  proportions, 
carbon  26.5,  oxygen  71,  and  hydrogen  2.5,  coinciding  al- 
most exactly  with  those  assigned  by  Gay  Lussac. 

This  proportion  of  oxygen  to  carbon  is  evidently  pre- 
cisely that  constituting  carbonic  acid,  100  ot  this  acid  be- 
ing composed  ot  27.4  ot  carbon,  and  /2.6  ot  oxygen  ; 
oxalic  acid  therefore  differs  from  carbonic  acid  merely  in 
the  addition  of  a proportion  of  hydrogen;  the  one  is  the 
binary,  the  other  the  ternary  compound.  The  hydrogen 
is  to  the  carbon  in  the  first  or  lowest  proportion  in  which 
it  appears  to  combine  with  that  element;  that  is,  half  the 
quantity  in  which  it  exists  in  super- car buretted  hydrogen f. 


Annals  of  Philosophy,  vol.  v.  p.  91). 
t The  analysis  of  oxalic  acid,  as  given  by  Berzelius,  presented 
a difficulty  in  the  atomic  theory,  in  the  proportion  of  hydrogen. 
The  quantity  is  so  small,  compared  with  the  other  elements,  as  to 
amount  only  to  a fraction  of  an  atom,  which  is  an  absurdity.  It 
was  therefore  endeavoured  to  be  shewn,  tliat  the  proportion  of  hy- 
drogen which  he  assigned  was  under-rated,  but  without  success. 
It  is  in  fact  over-rated  ; or  rather,  when  the  supposed  water  of  com- 
position is  abstracted,  there  is  no  hydrogen  in  what  is  called  real 
oxalic  acid,  and  the  small  quantity  supposed  to  exist  is  to  be  re- 
ferred to  error  of  analysis.  The  difficulty,  it  is  obvious,  is  removed 
in  the  view  which  I have  given  of  the  constitution  of  the  acid. 
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The  relation  of  oxalic  acid  to  carbonic  acid  is,  accord- 
ing to  this  view,  analogous  to  that  of  muriatic  to  oxymu- 
riatic  acid, — the  proportion  of  oxygen  to  the  radical  be- 
ing the  same,  the  presence  of  hydrogen  constituting  the 
only  distinction,  and  this  hydrogen  being  expended  in  the 
formation  of  water,  from  the  action  of  a salifiable  base. 
The  proportion  of  oxygen  and  carbon  in  a dry  oxalate, 
are  thus  evidently  those  which  constitute  carbonic  acid,  for 
although  in  the  action  of  the  acid  on  the  base,  a portion 
of  its  oxygen  is  abstracted  in  forming  water,  an  equivalent 
quantity  is  added  from  the  oxide  constituting  the  base; 
and,  analogous  to  the  general  view  I have  stated,  a ternary 
compound  is  established. 

Oxalic  acid  combines  with  the  alkalis  and  earths,  form- 
ing salts  named  Oxalates,  of  which  those  with  alkaline 
bases  are  soluble  and  crystallizable;  those  with  the  earths 
are  in  general  of  sparing  solubility.  With  those  bases  with 
which  it  forms  soluble  compounds,  it  has  a strong  tendency 
to  establish  combinations  with  an  excess  of  acid  ; and  these 
super-oxalates  are  less  soluble  in  w ater  than  the  oxalates,— 
circumstances,  as  Berard  has  remarked,  which  may  be  as- 
cribed to  the  influence  of  the  force  of  cohesion  in  the  acid, 
augmented  by  combination  with  the  base.  These  salts, 
too,  exemplify,  in  a striking  manner,  as  was  shewn  by  Dr 
Thomson,  by  Dr  Wollaston*,  and  by  Berard f,  the  gene- 
ral law  w’ith  regard  to  definite  proportions  in  saline  com- 
pounds, that  in  the  two  combinations  the  quantity  of  acid 
in  the  super-oxalate  is  double  the  quantity  of  what  is  con- 
tained in  the  oxalate.  These  chemists  have  determined 
the  composition  of  the  oxalates  and  super-oxalates,  though 
with  some  discordant  results;  and  more  lately  the  analysis 
of  several  of  them  has  been  given  by  Vogel ;};.  In  the 

* Philosophical  Transactions,  1807,  180S. 

t Annale-s  de  Chimie,  tom.  lxxiii.  Nicholson’s  Journal,  vol.  xxxi. 

f Annals  of  Philosophy,  vol.  v.  p.  29. 
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analysis  of  the  latter,  the  estimates  refer  to  the  acid  more 
completely  free  from  water  than  in  the  former : hence  the 
proportion  ot  it  is  stated  lower. 

Oxalate  of  potash,  when  neutral,  is  so  soluble  that  it  is 
not  easily  crystallized  ; its  solution  on  evaporation  becom- 
ing gelatinous ; but,  if  there  be  a slight  excess,  either  of 
acid  or  alkali,  crystals  are  formed.  l)r  1 homson  found, 
however,  that  it  crystallizes  easily  in  flat  rhomboidal  prisms, 
its  taste  is  cool  and  bitter ; at  60°  it  dissolves  in  thrice  its 
weight  of  water.  It  consists,  excluding  the  water  ol  crys- 
tallization expelled  by  a heat  of  212°,  of  44.87  oi  acid, 
and  55.13of  base,  and  in  this  state  appears  to  retain  neat- 
ly 10  per  cent,  of  water.  According  to  Berard,  its  com- 
position dry,  is  potash  50.68,  oxalic  acid  49.32,  and  ciys- 
tallized,  potash  42.12,  acid  40.57*  water  17.31.  Accoi fl- 
ing to  Vogel,  it  consists  dry,  ot  potash  57,  acid  43. 

The  super-oxalate  of  potash  is  easily  formed  ; crystals 
are  deposited,  on  adding  oxalic  acid  to  a solution  oi  the 
oxalate,  or  merely  by  dropping  a solution  of  potash  into 
a solution  of  oxalic  acid ; when  formed  by  evaporation, 
they  are  four-sided  prisms:  it  also  exists,  as  has  been  al- 
ready remarked,  as  a native  production  in  the  juice  of  the 
leaves  of  the  sorrel,  and  in  other  plants;  its  taste  is  soui, 
and  it  reddens  the  vegetable  colours ; it  is  sparingly  soluble 
in  cold  water;  at  212°  six  parts  ot  water  dissolve  it.  Its 
solution  does  not  decompose  spontaneously,  as  those  of  al- 
most all  the  salts  containing  acids  of  vegetable  origin  do. 
The  stronger  acids  decompose  it  partially  with  difficulty : 
the  alkaline,  and  some  of  the  earthy  bases,  as  barytes  and 
masrnesia,  enter  into  combination  with  its  principles,  and 

O 7 . • • 

form  triple  salts.  Lime  decomposes  it  by  attracting  its  a- 
cid.  This  salt  contains  just  double  the  quantity  of  acid 
that  the  neutral  oxalate  contains.  According  to  Berard, 
it  consists  dry,  of  potash  34.2,  oxalic  acid  65.8.  100  ot 

potash,  therefore,  combine  in  the  one  salt,  according  to  his 
analysis,  with  97.3  of  acid,  and  in  the  other  with  192.4  of 
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acid.  According  to  Vogel,  the  crystallized  super- oxalate, 
or  bin-oxalate,  consists  of'  31.44-  of  potash,  55.93  of  acid, 
and  12.63  of  water;  the  dry  salt  of  35.98  of  potash,  and 
64.02  of  acid. 

A quadroxalate  of  potash,  that  is,  a salt  containing  four 
times  the  quantity  of  acid  of  what  the  neutral  oxalate  con- 
tains, exists.  Dr  Wollaston  pointed  it  out  *.  He  obtain- 
ed it  in  decomposing  the  super-oxalate  by  nitric  or  muria- 
tic acid  ; half  the  quantity  only  of  potash  was  abstracted 
by  either  of  these  acids,  and  a salt  crystallized  after  solu- 
tion, which  of  course  contained  four  times  as  much  acid 
as  would  saturate  the  remaining  potash  : the  same  salt  is 
obtained  by  boiling  oxalic  acid  in  a solution  of  muriate  of 
potash.  Its  being  less  soluble  than  either  the  oxalate  or 
super-oxalate,  appears  to  be  the  circumstance,  as  Berard 
has  remarked,  that  determines  its  formation.  It  is  shum- 
lar  that  the  intermediate  combination  between  the  double 
and  quadruple  proportion  of  acid  cannot  be  formed,  as  Dr 
Wollaston  found  by  experiment,  which  is  probably  owing 
to  this  circumstance  of  the  force  of  cohesion  determining 
rather  the  formation  of  the  super-oxalate  and  quadroxa- 
late ; though  Dr  Wollaston  gives  an  hypothesis  to  account 
for  it  on  the  atomic  doctrine.  According  to  that  doctrine, 
this  combination  ought  to  take  place  as  readily  as  the 
others;  for  if,  as  must  be  supposed,  the  neutral  oxalate 
consists  of  1 atom  of  base  with  1 of  acid,  and  the  others  of 
1 of  base  with  2 of  acid  and  4 of  acid,  that  of  1 with  3 
ought  equally  to  exist.  The  composition  of  the  quadroxa- 
late, as  determined  by  Berard,  is  potash  ] 8.95,  oxalic  acid 
72.05,  water  9.  Hence  100  of  potash  are  combined  with 
381  of  acid. 

Oxalate  of  soda  is  not  very  soluble,  and  can  scarcely  be 
obtained  in  regular  crystals,  being  precipitated  when  form- 
ed, in  crystalline  grains.  Dr  Thomson  states,  however, 
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that  it  crystallizes  readily ; when  heated,  it  loses  its  water 
of  crystallization,  and  in  this  dry  state  consists  of  63.63  of 
soda,  and  36.37  of  acid  : according  to  Berard,  of  58.92 
of  soda,  and  41.08  of  acid  : according  to  Vogel,  of  45.23 
of  soda,  and  54.77  of  acid.  This  base  is  also  disposed  to 
combine  and  crystallize  with  an  excess  of  acid,  forming  a 
salt  less  soluble  than  the  neutral  oxalate,  and  composed,  ac- 
cording to  Berard,  of  25.57  of  soda,  72.80  of  acid,  and  1.63 
water.  It  contains,  therefore,  twice  the  quantity  of  acid 
in  the  other,  100  of  soda  being  combined  in  the  first  with 
143.5,  and  in  the  second  with  284.7  of  acid. 

The  compound  of  oxalic  acid  with  ammonia,  is  obtain- 
ed by  slow  evaporation  in  quadrangular  rhomboidal  prisms: 
of  which,  at  the  temperature  of  60°,  1000  grains  of  water 
dissolve  only  45  grains.  When  dried  at  212°,  it  consists, 
according  to  Thomson,  of  74.45  of  acid,  and  25.53  of 
base:  according  to  Berard,  it  consists  of  72.34  of  acid, 
and  27.66  of  base.  A super-oxalate  of  ammonia  likewise 
exists,  less  soluble  than  the  oxalate,  which,  according  to 
the  same  chemist,  consists  of  73.4  of  acid,  14  of  ammonia, 
and  12.6  of  water.  In  these  salts,  therefore,  the  same  ra- 
tio of  acid  of  1 and  2 exists,  100  of  base  in  the  one  being 
combined  with  261.4,  in  the  other  with  523  of  acid. 

Oxalate  of  barytes  is  formed  in  small  crystalline  grains, 
when  oxalic  acid  is  saturated  by  the  addition  of  barytic 
water,  or  when  a soluble  oxalate  is  added  to  the  solution 
of  a barytic  salt.  It  is  sparingly  soluble  in  water,  and  is 
insipid.  When  dry  it  consists,  according  to  Dr  Thomson, 
of  58.84  of  barytes,  and  41.16  of  acid;  according  to  Be- 
rard, of  62.17  of  barytes,  and  37.83  of  acid.  A super- 
oxalate is  also  formed,  by  boiling  crystals  of  oxalic  acid  in 
a solution  of  muriate  of  barytes ; on  cooling,  the  super- 
oxalate is  deposited  in  crystals ; the  excess  of  acid  is  de- 
tained however  by  so  weak  an  affinity,  that  merely  boiling 
in  water  abstracts  it.  The  super-oxalate  consists,  accord- 
ing to  Berard,  of  45  of  barytes,  and  55  of  acid.  It  con 
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tains  therefore  twice  the  quantity  of  acid  that  the  other 
does,  100  of  barytes  in  the  oxalate  being  combined  with 
60.84?,  and  in  the  other  with  123  of  acid. 

Oxalate  of  strontites  is  less  soluble  than  oxalate  of  ba- 
rytes, and  is  indeed  nearly  insoluble.  Dr  Thomson  had 
stated  its  composition  at  60.23  of  strontites,  and  39.77  of 
acid.  But,  as  Berard  has  remarked,  this  would  infer  that 
barytes  has  a greater  capacity  for  saturation  than  strontites, 
which,  with  regard  to  all  the  other  salts  of  these  earths,  is 
not  the  case.  He  states  the  composition  at  54.46  of  stron- 
tites, and  45.54  of  acid.  Dr  Thomson  had  concluded, 
that  another  compound,  containing  43.1  of  strontites,  with 
56.9  of  acid,  is  formed  by  decomposing  muriate  of  stron- 
tites by  oxalate  of  ammonia ; but  Berard  has  shewn,  that 
this  compound,  which  would  be  a super-oxalate,  does  not 
exist. 

Oxalic  acid  abstracts  lime  from  all  its  saline  compounds, 
forming  a compound  nearly  or  altogether  insoluble,  which 
is  precipitated  ; hence  the  formation  of  this  compound,  on 
the  one  hand,  forms  the  most  delicate  test  of  the  presence 
of  oxalic  acid,  and  on  the  other,  of  the  presence  of  lime. 
In  the  latter  respect  it  is  of  much  importance  that  the  com- 
position ot  this  oxalate  should  be  determined,  as  from  it 
most  frequently  are  estimated  the  proportions  of  lime  in 
chemical  analysis ; at  the  same  time  a difficulty  attends  this, 
from  the  uncertainty  of  its  being  entirely  free  from  water. 
The  proportions  assigned,  however,  by  Thomson  and  Be- 
rard, very  nearly  agree.  When  thoroughly  dried  by  ex- 
posure for  a considerable  time  to  the  heat  of  a steam  or 
sand  bath,  it  consists,  according  to  the  former,  of  37-5  of 
lime,  and  62.5  of  acid ; according  to  the  latter,  of  38  of 
lime,  and  62  of  acid.  When  merely  dried  in  the  open  air, 
it  retains  a portion  of  water ; this  amounts,  when  it  is  dried 
slowly  at  60,  according  to  Dr  Thomson,  to  5.3  per  cent., 
or  when  dried  hastily,  even  to  10  per  cent.  Other  results 
have  also  been  stated  with  regard  to  the  composition  of  this 
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salt.  Vogel  states  the  proportions  at  38.5  of  lime,  49.5 
of  acid,  and  12  of  water,  and  when  dry  43.75  of  lime,  and 
5G.25  of  acid.  These  agree  almost  exactly  with  Dr  Wol- 
laston’s scale  of  chemical  equivalents.  At  the  same  time, 
as  the  oxalate  cannot  bear  exposure  to  a red  heat,  there 
must  always  be  some  uncertainty  with  regard  to  the  water 
which  may  be  contained  in  it ; and  the  quantity  of  lime, 
when  it  is  employed  as  a medium  of  analysis,  is  best  deter- 
mined by  its  decomposition  by  heat.  No  super-oxalate  of 
lime  exists,  nor  does  the  neutral  oxalate  appear  to  be  sen- 
sibly dissolved  by  an  excess  of  oxalic  acid.  It  is  dissolved, 
however,  very  sensibly  by  other  acids,  as  the  nitric  and 
muriatic,  even  in  a slight  excess, — a circumstance  some- 
times requiring  to  be'  attended  to  in  analysis,  to  obviate 
error  from  the  action  of  any  acid  evolved. 

Oxalate  of  magnesia,  formed  by  saturating  oxalic  acid 
by  magnesia,  is  a soft  white  powder  ; tasteless,  and  not  sen- 
sibly soluble  in  water;  yet,  on  adding  oxalate  of  ammonia 
to  a solution  of  a magnesian  salt,  no  precipitate,  or  only  a 
very  sparing  one,  is  thrown  down.  If  the  liquor  be  con- 
centrated, however,  it  is  slowly  deposited  ; or  if  heated, 
immediately,  or  if  it  be  evaporated  to  dryness,  and  re-dis- 
solved, the  oxalate  of  magnesia  remains.  It  consists,  ac- 
cording to  Dr  Thomson,  of  magnesia  26.32,  acid  73.68; 
according  to  Berard,  of  magnesia  27.35,  acid  72.65. 

Oxalate  of  alumina  is  formed  by  digesting  the  earth  in 
oxalic  acid  : the  solution  on  evaporation  yields  a yellowish 
pellucid  mass,  of  a sweetish  astringent  taste,  which,  when 
dry,  deliquesces  in  a moist  atmosphere : it  is  sparingly  so- 
luble in  alkohol.  Bergman  states  the  proportions  of  its 
constituent  parts  at  44  of  earth,  and  56  of  acid  and  water. 

Oxalic  acid  acts  on  several  of  the  metals,  especially  those 
which  are  able  to  decompose  water  so  as  to  become  oxi- 
dated ; it  unites  with  their  oxides ; and  it  decomposes  a 
number  of  the  metallic  salts : with  some  of  them  super- 
oxalate of  potash  combines,  so  as  to  form  ternary  com- 
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pounds.  The  principal  metallic  oxalates  have  been  de- 
scribed by  Bergman,  and  a few  facts  with  regard  to  them 
have  been  added  by  Fourcroy. 

On  oxide  of  gold  the  acid  scarcely  exerts  any  action  but 
blackening  it.  It  dissolves  precipitated  oxide  of  platina, 
and  forms  a yellow  liquid,  which  affords  crystals  of  the 
same  colour.  It  precipitates  oxide  of  silver  from  its  solu- 
tion in  nitric  acid,  forming  a white  powder  scarcely  soluble 
in  water,  and  still  less  so  in  alkohol ; soluble  in  nitric  acid, 
and  blackened  by  the  action  of  the  solar  rays  ; and  which, 
heated  in  a spoon  over  burning  fuel,  is  dispersed  with  a 
kind  of  fulmination.  Oxide  of  mercury  is  dissolved,  form- 
ing a white  pulverulent  salt,  not  soluble  in  water,  unless 
it  has  an  excess  of  acid,  and  which  is  blackened  from  ex- 
posure to  the  sun  : it  also  fulminates  when  heated.  Cop- 
per, in  the  metallic  state,  is  acted  on  by  this  acid ; and 
with  still  more  facility  when  it  has  been  oxidated  : a pow- 
der is  formed  of  a pale  blue  colour,  scarcely  soluble  in 
water.  Iron  is  dissolved  by  it  with  a disengagement  of 
hydrogen  gas  : the  solution  has  an  astringent  sweetness, 
and,  when  prepared  without  heat,  exhibits  prismatic  crys- 
tals of  a greenish-yellow  colour,  soluble  in  water,  which 
retain  an  excess  of  acid.  The  solutions  of  iron  highly 
oxygenized,  are  precipitated  by  the  acid  in  a powder  of  a 
fine  red  colour.  Lead  digested  with  oxalic  acid  is  corrod- 
ed, but  scarcely  dissolved ; but  when  in  the  state  of  an 
oxide  combines  with  it,  and  the  solution,  when  approach- 
ing to  saturation,  forms  crystalline  grains,  which  subside, 
and  are  scarcely  soluble  in  water,  except  from  an  excess 
of  acid  : the  oxalate  of  lead  is  also  precipitated  in  a 
powder,  when  an  oxalate  is  added  to  the  solution  of  a 
salt  of  lead  ; it  consists,  according  to  Berzelius,  of  oxalic- 
acid  24.5-1,  of  lead  75.46.  Oxalate  of  tin  is  formed  by  the 
action  of  the  acid  on  the  metal  assisted  by  heat : the  so- 
lution has  a styptic  taste,  and  exhibits  prismatic  crystals 
or  when  evaporated  quickly  to  dryness,  a horn-like  mass. 


28* 


OP  OXALIC  AC  IB. 


Zinc  is  dissolved  witli  strong  effei  vescence,  liom  tlie  dis- 
engagement of  hydrogen  gas ; a white  powder  is  formed, 
not  soluble  in  water,  unless  from  an  excess  ot  acid.  W itli 
oxide  of  bismuth  a white  pulverulent  salt  is  formed,  scarce- 
ly soluble  in  water;  and  a similar  compound  in  transpa- 
rent grains  is  slowly  deposited  on  the  addition  of  oxalic 
acid  to  nitrate  ol  bismuth.  Nickel  digested  with  the  acid 
is  covered  with  a greenish-white  crust ; and  a powder  ot  a 
similar  appearance  is  precipitated  by  it  from  the  salts  of 
nickel,  soluble  in  water  in  small  quantity.  Cobalt  is  con- 
verted by  it  into  a powder  of  a pale  rose  colour,  scaicely 
soluble  in  water,  but  becoming  soluble  from  an  excess  ot 
acid  ; and  a similar  compound  is  formed  by  the  addition 
of  the  acid  to  any  of  the  salts  ot  cobalt.  Black  oxide  ot 
manganese  effervesces  with  oxalic  acid,  probably  from  the 
disengagement  of  oxygen  gas ; and  the  saturated  solution 
deposites  a white  powder  scarcely  soluble  in  water,  unless 
the  acid  be  in  excess  : this  is  also  formed  by  the  addition 
of  the  acid  to  the  solutions  of  manganese.  Antimony  in 
the  state  of  oxide  is  dissolved  slowly  : the  solution  in  which 
the  acid  is  predominant,  affords  crystalline  grains,  which 
are  scarcely  soluble  in  water.  White  oxide  of  arsenic  is 
easily  dissolved ; and  the  solution  on  evaporation  affords 
prismatic  crystals,  which,  melting  with  a gentle  heat,  emit 
the  superabundant  acid  : they  are  sublimed  and  decom- 
posed by  heat. 

Oxalic  acid  is  chiefly  employed  as  a test  to  discover 
lime.  Its  delicacy  is  very  great.  According  to  Bergman, 
one  grain  of  the  concrete  acid  of  the  size  of  a pin’s  head, 
discovers  one  grain  of  pure  lime  in  42.250  grains  of  water, 
by  the  cloud  it  produces.  It  is  rendered  less  delicate  by 
the  presence  of  any  free  acid,  either  existing  in  the  liquid, 
or  disengaged  from  combination  with  the  lime,  the  acid 
retaining  a little  of  the  oxalate  dissolved  ; hence  any  free 
acid  ought  to  be  neutralized  by  ammonia,  and  oxalate  of 
ammonia,  instead  of  pure  oxalic  acid,  should  be  used. 
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Brugnatelli  published  some  experiments,  to  prove  that 
oxalic  acid  is  a less  delicate  test  of  lime  than  had  been  sup- 
posed * ; but  Darracq  shewed  that  the  conclusion  is  incor- 
rect f . 

Super-oxalate  of  potash,  the  native  salt  of  sorrel,  is  used 
under  the  name  of  Salt  of  Lemons,  to  remove  ink-stains 
from  linen  ; an  effect  it  produces  by  the  oxalic  acid  dissolv- 
ing the  oxide  of  iron  in  the  ink,  on  the  combination  of 
which  with  the  tannin  and  gallic  acid  the  colour  depends ; 
while,  at  the  same  time,  it  can  be  used  without  any  risk 
of  injury  to  the  cloth. 

Oxalic  acid  appears  to  be  poisonous  in  its  action  on  the 
animal  system  : 4 drachms  of  it  swallowed  by  an  individual 
by  mistake  occasioned  death,  and  afterwards  it  was  found 
that  much  smaller  quantities  killed  animals.  Hence  the 
danger  of  the  substitution  of  it,  which  is  sometimes  prac- 
tised, for  citric  acid.  Chalk  swallowed  diffused  in  water 
forms  the  best  antidote  f. 


Sect.  XXIV. — of  tartaric  acid. 

A saline  matter  is  deposited  slowly  from  wine,  which 
has  been  long  known  by  the  name  of  Tartar,  and,  when 
purified  from  the  colouring  matter  which  adheres  to  it,  by 
that  of  Crystals  or  Cream  of  Tartar.  It  was  known  to 
the  older  chemists,  that  potash  could  be  obtained  from 
it  by  calcining  with  a moderate  heat ; and  it  was  by  this 
process  that  this  alkali  was  generally  obtained  lor  chemical 
and  medicinal  use.  Lefevre,  Glazer,  and  others,  main- 


* Anriales  cle  Cliimie,  tom.  xxix.  p.  174. 
t Ibid.  tom.  xlv.  p.  (18. 

I Philosophical  Magazine,  vol.  xlvi.  p.  70 
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tained  that  this  alkali  pre-existed  in  the  salt;  and  this 
was  more  clearly  established  by  Duhamel,  Margraaf,  and 
Rouelle.  The  acid  which  exists  in  it  is  in  excess,  so  to 
be  obvious  by  the  sour  taste  and  acid  powers  of  the  salt. 
Scheele  gave  the  process  by  which  it  could  be  extracted, 
and  thus  discovered  the  properties  of  this  acid  in  its  pure 
state.  It  was  named  Tartarous  Acid,  and  now,  to  give 
uniformity  of  termination,  Tartaric  Acid. 

Tartar,  or  super-tartrate  of  potash,  as  it  is  properly 
named,  is  proved,  by  the  experiments  of  Boerhaave,  Neu- 
man, and  other  chemists,  to  exist  in  the  juice  of  the  grape 
previous  to  its  conversion  into  wine.  It  has  also  been  dis- 
covered in  other  fruits,  particularly  in  the  tamarind ; and 
it  is  said  to  exist  in  the  roots  of  sage,  germander,  and  some 
other  plants.  It  exists  in  these,  however,  in  small  quan- 
tity, and  it  is  the  deposite  from  wine  that  is  met  with  in 
commerce.  It  is  named  lied  or  \\  lute  Tartar,  according 
as  it  is  more  or  less  coloured,  from  the  colouring  matter 
of  the  wine  adhering  to  it.  Besides  this,  it  is  rendered 
impure  by  the  presence  of  other  substances,  particularly 
tartrate  of  lime.  It  is  purified  by  dissolving  it  in  water, 
and  boiling  its  solution  with  a small  quantity  of  fine  clay. 
This  attracts  the  colouring  and  extractive  matter,  and  the 
solution,  on  cooling,  affords  crystals  of  a white  colour. 
These  form  the  purified  tartar,  or  crystals  of  tartar  of  com- 
merce, in  which,  with  the  super- tartrate  of  potash,  there 
still  exists  a small  portion  of  tartrate  of  lime. 

The  process  which  Scheele  employed  to  extract  the  acid, 
consisted  in  dissojving  purified  super-tartrate  in  boiling 
water,  and  throwing  into  it  chalk  in  powder,  as  long  as 
any  effervescence  is  excited,  and  until  the  acid  is  saturated. 
The  lime  of  the  chalk  combines  with  the  excess  of  tartaric 
acid  in  the  super- tartrate ; and  this  tartrate  of  lime  is  pre- 
cipitated, while  neutral  tartrate  of  potash  remains  in  solu- 
tion. The  tartrate  of  lime,  washed  with  water,  is  put  into 
a glass  matrass  ; a quantity  of  sulphuric  acid  equal  to  that 
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ot  the  chalk,  and  previously  diluted  with  half  its  weight  of 
water,  is  added.  This  is  digested  in  a sand-bath  for  twelve 
hours,  stirring  the  mixture  occasionally.  The  sulphuric 
acid  combines  with  the  lime;  the  sulphate  of  lime  is  near- 
ly insoluble  : the  tartaric  acid  is  dissolved  by  the  water. 
To  ascertain  that  no  sulphuric  acid  is  present,  a few  drops 
ot  acetate  of  lead  are  added,  which  form  a precipitate, 
soluble  in  vinegar  if  the  tartaric  acid  be  pure,  insoluble  if 
it  be  contaminated  with  sulphuric  acid.  If  the  latter  be 
the  case,  it  is  digested  with  a little  tartrate  of  lime,  by 
which  the  sulphuric  acid  is  abstracted.  The  solution  is 
then  evaporated,  and  the  tartaric  acid  is  obtained  in  a 
crystallized  form,  equal  in  quantity  to  about  one-third  of 
the  super-tartrate  that  has  been  employed.  Muller  has 
given  the  proportions  to  he  employed  with  more  precision. 
They  are  6 lbs.  of  chalk  diffused  in  36  lbs.  of  boiling  wa- 
ter, and  as  much  super-tartrate  of  potash  as  this  quantity 
of  chalk  saturates  : there  are  then  to  he  added  to  the  tar- 
trate ot  lime,  diffused  in  a large  quantity  of  water,  6 lbs. 
ot  sulphuric  acid,  of  the  specific  gravity  of  1.817,  with 
which  6 drachms  of  nitric  acid  have  been  mixed  *.  The 
sulphuric  acid  does  not  appear,  in  Scheele’s  process,  to  be 
sufficiently  diluted.  Lowitz  has  remarked,  that  it  ought 
to  be  diluted  with  at  least  four  times  its  weight  of  water  f. 
It  has  been  proposed  to  use  lime  instead  of  chalk  in  the 
process,  by  which  the  decomposition  is  rendered  more 
complete,  and  the  w'hole  of  the  tartaric  acid  abstracted  ; 
but  in  this  case,  as  Vauquelin  has  remarked,  part  of  the 
tartrate  of  lime  is  prevented  from  precipitating  by  the  ac- 
tion of  the  alkali ; and  it  is  therefore  doubtful  if  this  me- 
thod is  preferable  to  the  process  of  Scheelc. 

The  form  of  the  crystals  of  this  acid  has  been  variously 
described.  It  occurs  in  thin  broad  tables ; but  it  is  also 


* Annales  tie  Chimie,  tom.  vi.  p.  58. 
t Tfoid.  tom.  xxxiv.  p.  180. 
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obtained  in  prisms  and  in  pyramids.  When  pure,  the 
crystals  are  nearly  transparent.  Their  taste  is  sour,  and 
a small  portion  reddens  the  vegetable  colours. 

This  acid  is  very  soluble  in  water,  so  that  a concentrated 
solution  can  be  obtained  of  nearly  an  oily  consistence.  It 
is  not  very  liable  to  spontaneous  decomposition,  especially 
if  the  solution  is  not  very  largely  diluted. 

Exposed  to  heat  a little  above  that  of  boiling  water,  it 
melts  without  decomposition  : at  a higher  heat  it  is  decom- 
posed: and  by  destructive  distillation  a considerable  quan- 
tity of  an  acid  liquor  is  obtained,  which  has  received  the 
name  of  Pyro-tartarous.  With  this,  a quantity  ol  oil  is  con- 
densed in  the  receiver  ; much  carbonic  acid  and  carburet- 
ted  hydrogen  gas  is  disengaged,  and  a bulky  coal  remains. 
From  these  products  Fourcroy  and  Vauquelin  inferred 
that  it  consists  of  70.5  of  oxygen,  19  of  carbon,  and  10.5 
of  hydrogen,  an  estimate  that  cannot  be  considered  as  cer- 
tain. The  proportions  assigned  by  Gay  Lussac  and  The- 
nard,  from  their  more  accurate  mode  of  analysis,  are  car- 
bon 21.050,  oxygen  69.321,  hydrogen  6.629.  Berzelius 
has  stated  them  at  carbon  35.98,  oxygen  60.213,  and  hy- 
drogen 3.807.  But  the  same  observations  apply  to  these 
comparative  results,  as  to  those  with  regard  to  the  other 
vegetable  acids.  Gay  Lussac  and  d henard  operated  on 
the  acid  in  the  state  of  tartrate  of  lime,  in  which  compound 
it  exists  free  from  wrater  of  crystallization,  or  any  loose  ad- 
hering moisture ; but  without  any  abstraction  of  what  i6 
called  water  of  combination.  Berzelius,  considering  it  ne- 
cessary to  abstract  this  supposed  water,  and  to  determine 
the  composition  of  what  is  called  the  real  acid,  operated 
on  it  in  the  state  of  oxalate  of  lead,  in  which  this  condi- 
tion is  attained.  In  his  analysis,  therefore,  there  is  the 
abstraction  of  those  portions  of  the  oxygen  and  hydrogen 
of  the  acid  which  form  this  w'ater,  and  when  these  are  taken 
into  the  calculation,  the  proportions  arc  almost  precisely 
those  assigned  by  Gay  Lussac.  In  these  proportions  the 
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oxygen  is  to  the  carbon  very  nearly  in  that  relative  quan- 
tity which  constitutes  carbonic  acid ; and  the  deviation  is 
not  greater  than  what  may  fairly  be  referred  to  errors  of 
analysis.  The  hydrogen  is  to  the  carbon  precisely  in  that 
proportion  which  I have  considered  as  the  third  of  that 
eiement,  that  which  is  intermediate  between  carburetted 


and  super-carburetted  hydrogen.  In  oxalic  acid  it  is  in 
the  first  proportion  ; the  sole  difference,  therefore,  between 
these  two  acids  is  in  the  proportion  of  hydrogen. 

This  acid  combines  with  the  alkalis  and  earths,  forming 
salts,  formerly  denominated  Tartrites,  now  named  Tar- 
trates. It  has  a peculiar  tendency  to  form  triple  salts,  par- 
ticularly in  its  combination  with  potash,  which  crystallize 
\>ith  regularity,  and  some  of  which  are  important  from  the 
uses  to  which  they  are  applied. 

The  neutral  tartrate  of  potash  is  formed  by  saturating 
the  excess  of  acid  in  the  super-tartrate,  by  the  addition  of 
the  lequisite  proportion  of  alkali ; a quantity  of  carbonate 
of  potash  being  dissolved  in  boiling  water,  and  super-tar- 
trate of  potash  in  fine  powder  being  added  in  small  quan- 
tities at  a time,  diffusing  it  through  the  solution  by  con- 
stant stirring,  as  long  as  there  is  any  effervescence,  and 
until  neutralization  is  attained.  The  solution,  as  it  is  not 
easily  crystallized,  is  evaporated  to  dryness,  when  this  salt 
is  prepared  for  medicinal  use.  Being  more  soluble  than 
the  super-tartrate,  it  was  formerly  named  Soluble  Tartar. 
Though  difficult  of  crystallization,  yet  when  its  saturated 
solution  is  allowed  to  stand  for  some  months,  regular  crys- 
tals form,  which  are  tetraedral  prisms,  bevelled  at  each 
extremity.  Its  taste  is  bitter;  it  is  deliquescent  in  a hu- 
mid atmosphere,  and  is  very  soluble  in  water,  requiring 
less  than  three  times  its  weight  of  cold  water  for  its  solu- 
tion. When  in  solution,  its  acid  suffers  a slow  decompo- 
sition, so  that  at  length  its  alkali  remains  in  the  state  of  a 
carbonate.  A similar  decomposition  is  effected  by  heat, 
t is  very  susceptible  of  decoipposition,  from  the  action  of 
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other  acids,  which  abstract  from  it  so  much  of  its  base  as 
to  reduce  it  to  the  state  of  super-tartrate.  It  consists,  ac- 
cording to  Berzelius,  of  4 1.3  ol  base,  and  58.7  ol  acid. 

The  Super- tartrate  of  potash  is  a salt  of  determinate  com- 
position, and  with  properties  well  marked.  Its  origin,  and 
the  method  of  purifying  it,  have  been  already  stated.  It 
occurs  in  small  crystalline  masses,  ol  a white  coloui,  and 
semi-transparent;  brittle,  and  easily  reduced  to  powdei, 
and  having  a sour  taste.  It  requires  a considerable  quan- 
tity of  water  for  its  solution  ; about  sixty  parts  of  cold,  or 
thirty  of  boiling  water.  Its  sparing  solubility  affords  the 
best  test  to  discover  tartaric  acid ; a solution  ol  potash, 
when  added,  so  as  to  leave  an  excess  of  acid,  forming  a 
turbid  fluid,  from  which  crystals  of  the  super- tartrate  slowly 
subside.  It  is  also  a test  to  distinguish  potash  from  soda. 

When  super-tartrate  of  potash  is  exposed  to  a strong 
heat,  it  is  fused,  becomes  of  a black  colour,  and  is  decom- 
posed : it  gives  a large  quantity  of  empyreumatic  acid,  an 
oil,  with  carbonic  acid,  and  carburetted  hydrogen  gases, 
the  alkali  remaining  in  the  state  of  carbonate,  mixed  with 
charcoal.  This  process  was  formerly  employed  to  obtain 
carbonate  of  potash  : the  super-tartrate  was  exposed  to  a 
red  heat  in  a crucible,  and  the  residual  matter  was  lixiviated 
with  water,  and  then  evaporated  : and  it  has  been  suppos- 
ed, that  it  affords  the  alkali  purer  than  as  it  is  procured  by 
other  processes.  The  watery  solution  ol  the  super-tartrate 
decomposes  gradually,  and  leaves  the  alkali  in  excess. 

From  the  tendency  of  tartaric  acid  to  form  ternary  com- 
binations, super-tartrate  of  potash  unites  with  a number 
of  bases.  It  thus  forms  with  soda  and  ammonia  ternary 
compounds.  Thenard  has  found,  that  it  may  even  admit 
certain  proportions  of  lime,  barytes,  or  strontites;  foi  al- 
though when  large  quantities  ol  these  earths  are  bi  ought 
to  act  upon  it,  they  decompose  it  and  abstract  the  taitaric 
acid,  when  they  arc  added  in  a state  of  solution  in  small 
quantity,  they  occasion  no  decomposition,  but  enter  into 
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combination  with  its  principles ; the  liquid  remains  trans- 
parent, nearly  to  the  point  at  which  the  acid  of  the  super- 
tartrate is  saturated ; and  it  this  be  not  exceeded,  there 
aie  foimed  on  the  sides  ot  the  vessel,  transparent  crys- 
tals, in  which  analysis  detects  the  presence  of  the  acid, 
the  alkali,  and  the  earth  that  has  been  added.  Magnesia 
and  alumina  entei  into  similar  combinations,  but  form  com- 
pounds which  are.  not  crystailizable  *. 

A singular  effect  produced  on  it  by  borax,  or  even  by 
pure  boracic  acid,  is,  that  of  increasing  its  solubility  in  wa- 
ter, one  part  of  borax,  and  three  of  super-tartrate,  forming 
a compound  so  soluble,  as  to  require  not  more  than  its 
weight  of  water  to  dissolve  it;  and  one  part  of  boracic  a- 
cid,  with  four  parts  of  the  super-tartrate,  being  soluble  in 
less  than  its  weight  of  water.  This  is  owing  to  the  affinity 
of  the  two  acids,  according  to  T hevenin,  who  found,  that 
when  the  boracic  acid  merely  moistened  is  heated  with  3 
paits  of  tartaric  acid,  they  become  liquid,  and  the  mixture, 
though  solid  when  cold,  is  highly  deliquescent.  This, 
however,  is  denied  by  Vogel.  The  two  acids,  he  affirms, 
do  not  unite : and  the  effect,  therefore,  must  be  owing  to 
the  relation  of  boracic  acid  to  super-tartrate  of  potash. 
The  ternary  compound  they  form  is  very  intimate,  so  that 
even  the  stronger  acids  decompose  it  very  imperfectly  f. 

It  acts  on  several  ot  the  metals,  dissolves  their  oxides, 
and  forms  triple  combinations  ; and  its  energy  in  this  re- 
spect is  so  great,  that  Gay  Lussac  has  considered  it  as  act- 
ing the  part  of  a simple  acid.  It  dissolves  oxides,  which 
the  tartaric  acid  alone  does  not  dissolve. 

According  to  I henard’s  estimate  of  the  composition  of 
super-tartrate  of  potash,  it  consists  of  57  of  acid,  33  of  al- 
kali, and  7 of  water.  The  crystals  found  in  the  shops  con- 


* Nicholson’s  Journal,  4to,  vol.  v.  p.  268. 
t xlnnales  de  Physique  et  Chimie,  turn.  iii.  p.  274.  tom  iv. 
p.  5.95. 


292 


OF  TAKTARIC  ACID. 


tain,  according  to  Vauquelin,  about  .00/  ol  tai  irate  ot 
lime;  the  crude  tartar  contains  of  the  same  earthy  salt  .016. 

Tartrate  of  soda  crystallizes  in  fine  needles,  or  in  thin 
plates : it  is  soluble  in  water,  but  if  combined  with  an  ex- 
cess of  acid,  its  solubility  is  diminished. 

Tartrate  of  potash  and  soda  has  been  long  used  in  me- 
dicine under  the  name  ol  Rochelle  Salt.  It  is  prepared 
by  saturating  the  excess  ol  acid  in  the  super- tart  rate  ol 
potash,  by  adding  carbonate  of  soda  : the  liquor  is  strain- 
ed, and,  on  evaporation  and  cooling,  allords  regular  ciys- 
tals,  rhomboidal  six  or  eight  sided  prisms,  hard  and  trans- 
parent. They  are  permanent  in  the  air,  soluble  in  about 
five  parts  of  cold  water,  and  in  less  warm  water,  and  con- 
sist, according  to  Vauquelin,  ol  54  ol  tartrate  ot  potash, 
and  46  of  tartrate  of  soda. 

Tartrate  of  ammonia  is  a very  soluble  salt,  which  crys- 
tallizes in  slender  prisms.  Tartrate  ol  potash  and  ammo- 
nia, formed  by  saturating  the  excess  of  acid  in  the  super- 
tartrate of  potash  by  ammonia,  crystallizes  in  hexaedral 
prisms  acuminated  by  six  planes. 

The  tartrates  of  barytes  and  lime  are  insoluble  in  water, 
but  may  be  dissolved  by  an  excess  of  acid.  Those  ol  mag- 
nesia and  alumina,  though  soluble,  are  not  crystallizable, 
their  solutions  becoming,  on  evaporation,  viscid  or  gelati- 
nous. Tartrate  of  lime  consists,  according  to  Berzelius, 
of  acid  50.55,  lime  21.64,  water  of  combination  27.81. 

Tartaric  acid  acts  on  those  metals  which  decompose  wa- 
ter so  as  to  be  oxidated  ; and  it  readily  combines  with  the 
oxides  of  the  others.  Few  of  these  combinations  have 
been  examined,  or  are  ol  importance.  T.he  acid  does  not 
precipitate  the  solutions  ol  gold,  platina,  or  silver ; but  its 
salts  do  by  double  affinity.  In  the  same  way  it  may  be 
combined  with  oxide  of  mercury,  and  forms  an  insoluble 
compound.  It  unites  with  oxide  ol  copper,  and  forms  a 
compound  of  little  solubility,  of  a green  colour.  It  acts  on 
iron  in  its  metallic  state,  and  dissolves  it  with  effervescence; 
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the  solution,  on  evaporation,  becomes  gelatinous.  On  zinc 
its  action  is  similar.  It  combines  with  the  oxides  of  tin 
and  lead,  decomposing  their  solutions,  and  forming  com- 
pounds of  a white  colour  : tartrate  of  lead  consists  of  37.5 
of  acid,  and  62.5  of  oxide  of  lead.  It  precipitates  the 
solution  of  bismuth  of  a fine  white  colour,  forming  a cos- 
metic  known  under  the  name  of  pearl  white.  It  dissolves 
the  oxides  of  antimony,  forming  a compound  which  crys- 
tallizes irregularly  and  without  difficulty. 

Ternary  combinations  can  also  be  formed,  by  subject- 
ing metals  or  their  oxides  to  the  action  of  super-tartrate 
of  potash.  Thenard  has  examined  several  of  these  #.  The 
alkaline  tartrates  of  manganese,  iron,  zinc,  and  tin,  are 
very  soluble,  and  are  of  difficult  crystallization  : they  are 
not  decomposed,  either  by  the  pure  alkalis  or  alkaline  car- 
bonates, but  are  decomposed  by  sulphuretted  hydrogen, 
the  hydro-sulphurets,  and  the  gallic  acid.  The  alkaline 
tartrates  of  silver  and  of  mercury  suffer  decomposition, 
not  only  from  these  agents,  but  likewise  from  the  alkalis, 
either  pure  or  in  the  state  of  carbonate.  The  alkaline 
tartrate  of  lead  is  not  soluble  ; that  of  copper  is  distin- 
guished by  its  saccharine  taste,  and  the  great  quantity  of 
metal  which  it  contains.  The  tartrate  of  potash  and  anti- 
mony is  by  far  the  most  important  of  these  combinations: 
it  is  the  substance  which  has  been  long  used  in  medicine 
under  the  name  of  Emetic  Tartar,  and  which  is  superior 
to  the  other  antimonial  preparations,  in  the  certainty  of  its 
operation.  The  method  of  preparing  it  and  its  properties, 
have  been  taken  notice  of  under  the  history  of  antimony. 

Tartaric  acid,  in  its  pure  state,  is  not  applied  to  any  use; 
of  its  combinations,  some  are  employed  in  the  practice  of 
medicine. 
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The  acid  which  distils  over  when  tartaric  acid  is  de* 
composed  by  heat,  differs  in  its  properties  from  that  acid. 
It  was  formerly,  regarded  as  a peculiar  one,  and  named 
Pyro-tartarous  acid.  Fourcroy  and  Yauqueiin  examined 
it,  as  well  as  the  empyreumatic  acids  obtained  from  gum 
or  sugar,  or  from  wood,  and  which  had  been  distinguish- 
ed by  the  names  of  Pyro-rnucous  and  Pvro  ligneous  acids, 
and  concluded  that  they  arc  all  acetic  acid,  slightly  modi- 
fied by  the  small  portion  of  empyreumatic  oil  dissolved  in 
them.  Gehlen  called  this  in  question,  and  observed,  that 
the  pyro-tartarous  acid,  in  particular,  differs  in  its  proper- 
ties from  the  acetic ; it  leaves,  on  evaporation,  a crystal- 
lized residuum,  a property  which  the  acetic  does  not  ex- 
hibit. Fourcroy  and  Vauquelin  again  submitted  it  to  exa- 
mination, and  found  reason  to  admit  the  conclusion  of 
Gehlen.  The  acid  procured  by  the  first  distillation  irom 
tartar  is  mixed  with  oily  and  resinous  matter,  from  which 
it  may  be  freed  by  saturating  it  by  carbonate  of  potash, 
evaporating  to  dryness,  re-dissolving  the  salt  several  times 
in  water,  and  at  length  decomposing  it  by  diluted  sulphu- 
ric acid  with  a gentle  heat.  An  acid  liquor  distils  over, 
which  has  only  a slight  smell  of  acetic  acid,  and  an  acid 
salt  sublimes,  which  adheres  to  the  neck  of  the  retort  in 
white  scales.  This  is  the  Pyro-tartaric  acid.  Its  taste  is 
extremely  sour ; the  crystals  melt  readily,  and  evaporate 
in  white  fumes  when  placed  on  a heated  body ; they  dis- 
solve copiously  in  water,  and  crystallize  by  spontaneous 
evaporation  ; their  solution  does  not,  like  that  of  tartaric 
acid,  precipitate  nitrate  of  silver  or  acetate  of  lead,  but  it 
precipitates  nitrate  of  mercury  ; nor  docs  it  form  with  pot- 
ash a salt  with  an  excess  of  acid  of  sparing  solubility  ; and 
its  neutral  compound  with  potash  does  not  precipitate  the 
Salts  of  barytes  or  of  lime.  These  chemical  relations  at 
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©nee  distinguish  it  from  tartaric  acid ; while  its  inferior 
volatility,  and  its  crystallizing  by  evaporation,  distinguish 
it  from  acetic  acid.  The  acid  liquor  which  distils  with  it 
in  its  formation,  yields  by  evaporation  crystals  having  the 
same  properties : it  contains  a little  acetic  acid,  formed 
in  the  process.  Pyro-tartaric  acid  is  therefore  a peculiar 
•product  of  the  decomposition  of  tartaric  acid  by  heat  *. 


Sect.  XXV. — of  benzoic  acid. 

It  has  been  remarked,  in  treating  of  the  balsams,  that 
they  afford  a peculiar  acid,  on  the  application  of  heat.  The 
concrete  balsam,  named  Benzoin,  being  that  from  which 
it  is  usually  procured,  it  has  received  the  name  of  Benzoic 
Acid. 

A quantity  of  benzoin  being  reduced  to  coarse  powder, 
is  put  into  an  earthen  matrass,  to  the  mouth  of  which  a 
paper  cone  is  adapted ; a moderate  heat  is  applied ; the 
acid  is  volatilized  in  white  vapours ; these  condense  in  small 
brilliant  crystals,  which,  when  the  sublimation  is  slow,  ap- 
pear in  the  form  of  slender  prisms.  The  paper  cone  is 
changed  as  it  becomes  warm,  a new  one  is  applied,  care 
being  taken  not  to  raise  the  heat  too  high,  as  then  a quan- 
tity of  oily  matter  is  volatilized,  by  which  the  acid  is  co- 
loured brown.  If,  however,  the  heat  be  raised  fully,  and 
applied  as  long  as  any  product  is  volatilized,  a method  re- 
commended by  Chaptal,  a larger  quantity  of  benzoic  acid 
is  obtained  than  by  any  other  process : and  the  acid  may 
be  purified  by  repeated  solution  and  crystallization. 

Geoffroy  found  that  this  acid  might  also  be  abstracted 
from  benzoin  by  the  action  of  boiling  water ; the  w'ater, 
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after  having  been  boiled  on  the  benzoin  in  powder,  afford- 
ing crystals  of  the  acid  on  cooling.  Scheele  proposed  an- 
other method  of  obtaining  it  in  the  humid  way.  Four 
parts  of  benzoin  in  powder,  and  one  part  of  slacked  lime, 
are  mixed  with  24  parts  of  water,  and  boiled  for  half  an 
hour.  The  benzoic  acid  combines  with  the  lime,  and  forms 
a compound  soluble  in  water.  The  undissolved  matter  is 
allowed  to  subside,  and  the  liquor  when  clear  is  poured 
off:  a fresh  quantity  of  water  is  boiled  on  the  residuum, 
and  the  ley  thus  obtained  is  added  to  the  former  ; and  this 
is  repeated  for  a third  time.  The  whole  is  reduced  by 
evaporation,  and  to  the  concentrated  solution  there  is  to  be 
added  muriatic  acid,  until  it  be  sensibly  acid;  the  muriatic 
combines  with  the  lime ; and  the  benzoic  acid  being  inso- 
luble in  cold  water  is  precipitated  in  a powder  ol  a brown- 
ish colour:  this  is  washed  with  a little  water,  is  dissolved 
in  boiling  water,  and,  as  the  solution  cools,  crystals  of 
benzoic  acid  form.  About  14  drachms  are  obtained  by 
this  process  from  one  pound  of  benzoin.  Gren  introduced 
a slight  modification  of  it,  by  boiling  the  benzoin  w ith  car- 
bonate of  soda,  and  adding  to  the  filtered  liquor  diluted 
sulphuric  acid,  so  as  to  precipitate  the  acid  of  benzoin  ; 
this  is  rather  more  economical,  from  sulphuric  being  less 
expensive  than  muriatic  acid. 

Mr  Brande  states  the  following  as  the  quantities  of  acid, 
obtained  by  these  processes,  from  one  pound  of  benzoin, 

oz.  dr.  scr.  gr. 


By  Scheele’s, 

— Chaptars, 

— Geoffroy’s, 

— Gren’s, 


1 

2 

1 

1 


6 

0 

0 


5 


2 

0 

0 

1 


19 

0 

10 

10 


It  has  been  observed,  under  the  history  of  the  balsams, 
that  there  is  reason  to  conclude  the  benzoic  acid  is  not 
formed,  as  some  have  imagined,  but  is  merely  extracted  in 
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these  processes.  Mr  Hatchet  found,  however,  what  seems 
to  favour  the  former  opinion,  or  at  least  leads  to  the  con- 
clusion that  the  quantity  of  acid  is  increased  by  a new 
formation  of  it,  that  the  balsams,  when  they  had  been  mix- 
ed with  sulphuric  acid,  afforded  a considerable  quantity  of 
benzoic  acid  by  sublimation,  and  that  some,  as  dragon’s 
blood,  afforded  it  when  subjected  to  this  treatment,  which 
did  not  afford  it  when  exposed  to  heat  alone  *.  But  it  is 
not  improbable  that  the  acid  may  facilitate  its  separation, 
by  its  action  on  the  resinous  matter,  and  perhaps  by  pre- 
venting the  formation  of  empyreumatic  oil,  so  as  to  allow  of 
the  heat  being  raised  higher,  or  applied  for  a longer  time. 

Benzoic  acid  is  formed  in  the  animal  system.  It  is  found 
in  the  urine  of  the  horse,  cow,  and  other  gramenivorous 
animals.  Fourcroy  supposed,  that  it  is  derived  from  some 
of  the  grasses  on  which  these  animals  feed.  It  is  also 
sometimes  found  in  the  urine  of  children,  and  in  general  is 
present  when  phosphoric  acid  is  deficient. 

Benzoic  acid  is,  according  to  the  method  in  which  it  has 
been  obtained,  in  soft  flakes,  or  in  slender  needle-like  crys- 
tals, frequently  of  considerable  length  ; when  pure,  white 
and  brilliant.  Its  taste  is  pungent,  and  slightly  acidulous. 
It  has  a peculiar  odour,  somewhat  aromatic,  and  which  be- 
comes strong  when  it  is  heated  and  volatilized.  From  the 
experiments  of  Giesse,  this  odour  appears  to  be  adventi- 
tious, benzoic  acid  having  been  obtained  by  him  inodo- 
rous, without  any  of  its  other  qualities  being  changed,  by 
combining  the  acid  with  a solution  of  potash,  and  preci- 
pitating it  by  muriatic  acid.  On  each  repetition  of  this 
experiment,  the  odour  diminished,  and,  after  the  third,  it 
had  entirely  disappeared.  Another  method,  equally  suc- 
cessful, was  to  dissolve  the  odorous  acid  in  as  small  a quan- 
tity as  possible  of  alkohol : to  drop  into  the  solution  water 
until  the  acid  was  precipitated : when  dried  by  a gentle 


* Philosophical  Transactions,  1805. 


295 


©F  BENZOIC  ACIT). 


heat,  it  was  fount!  to  be  inodorous  ; the  small  quantity  of 
oily  matter  derived  from  the  balsam  to  which  its  odour  is 
owing  remaining  combined  with  the  alkohol  *. 

This  acid  is  volatilized  by  a very  moderate  heat;  its  va- 
pour is  acrid  and  suffocating ; it  is  also  fusible.  Heated 
on  burning  fuel,  it  inflames.  Urged  with  a strong  fire  in 
close  vessels,  the  portion  that  is  not  immediately  sublimed 
is  decomposed,  and  affords  an  acid  liquid  ; a quantity  of 
oil  more  abundant  than  what  is  produced  in  the  decompo- 
sition of  any  other  vegetable  acid  ; and  carburetted  hydro- 
gen in  considerable  proportion  ; a small  quantity  of  char- 
coal is  left  in  the  retort.  This  decomposition  is  more  com- 
pletely effected  when  the  volatilization  of  the  acid  is  re- 
tarded by  mixing  it  with  sand;  or  by  combination  with  a 
base.  From  the  products  of  its  combustion,  in  the  mode 
employed  by  Berzelius  in  the  analysis  of  vegetable  sub- 
stances, he  inferred,  that  it  consists  of  carbon  74-41,  oxy- 
gen 20.43,  hydrogen  5.16  f.  But  as  he  operated  upon  it 
in  the  state  of  benzoate  of  lead,  in  which  state  there  is  the 
abstraction  from  it  of  a portion  of  water,  (what  Berzelius 
considered  as  the  water  of  composition),  there  are  to  be 
added  the  proportions  of  oxygen  and  hydrogen  equivalent 
to  this.  And,  from  the  estimate  of  the  quantity  of  water, 
this  gives  as  the  proportions,  carbon  74.41,  oxygen  27.43, 
hydrogen  6.  This  is  the  only  case  in  which  the  propor- 
tion of  oxygen  to  carbon  is  even  less  than  the  lowest  of  the 
definite  proportions,  in  which  there  is  reason  to  believe 
otherwise  these  elements  unite.  The  hydrogen  is  almost 
precisely  that  of  the  first  definite  proportion  to  carbon. 
The  analysis,  however,  must  be  considered  as  imperfectly 
determined,  Berzelius  himself  admitting,  that  from  the 
volatility  and  weak  affinity  of  the  acid,  it  is  attended  with 
more  difficulty  than  any  other. 
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It  is  sparingly  soluble  in  cokl  water.  According  to 
Wenzel,  400  parts  of  cold  water  are  required  for  dissolv- 
ing one  part  of  it ; while  the  same  quantity  of  boiling  wa- 
ter can  dissolve  20  parts  of  it,  19  of  which  separate  by 
crystallization  on  cooling.  Bucholz  states,  however,  that 
200  parts  of  water  dissolve  it  at  the  common  temperature, 
and  it  dissolves  in  24  parts  of  water.  Its  hot  solution  red- 
dens litmus.  Alkohol  dissolves  about  half  its  weight  of  it, 
and  when  hot  an  equal  weight : it  is  precipitated  by  the 
addition  of  cold  water. 

Benzoic  acid  is  not  easily  decomposed  by  the  mineral 
acids.  Sulphuric  acid  dissolves  it ; and,  on  the  addition 
of  water,  the  benzoic  acid  is  separated,  little  altered.  Ni- 
tric acid  dissolves  it,  and  water  separates  it  from  this  solu- 
tion unaltered  ; but  if  the  acid  be  distilled  from  it,  it  suf- 
fers, according  to  Hermbstaedt,  some  chemical  change. 

This  acid  unites  easily  with  the  alkalis  and  earths.  Its 
salts  are  named  Benzoates. 

Benzoate  of  potash  is  obtained  in  acicular  crystals,  which 
are  soluble  in  water  and  deliquescent.  Benzoate  of  soda 
is  soluble  and  crystallizable,  but,  according  to  Bergman, 
does  not  deliquesce.  Benzoate  of  ammonia  is  possessed  of 
the  same  properties ; is  volatile,  and  easily  decomposed. 
Benzoate  of  barytes  is  likewise  soluble,  and  crystallizes 
without  difficulty.  Benzoate  of  lime  crystallizes  in  brilliant 
plates,  and  is  soluble  in  about  20  parts  of  cold  water.  The 
benzoates  of  magnesia  and  argil  are  soluble,  crystallizable, 
and  deliquescent. 

The  combinations  of  benzoic  acid  with  the  metals  have 
been  made  the  subject  of  experiment  by  Trommsdorffi  He 
boiled,  either  on  the  metal  in  filings,  or  on  its  oxide,  the 
acid  of  benzoin,  with  as  much  water  as  was  sufficient  for 
its  solution  : With  oxide  of  gold,  a solution  was  obtained 
which  shoots  into  irregular  crystals,  permanent  in  the  air, 
soluble  with  difficulty  in  water,  and  scarcely  at  all  so  in 
alkohol.  The  oxide  of  silver  is  scarcely  dissolved  ; but  a 
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benzoate  of  this  metal  is  obtained,  by  adding  benzoate  of 
potash  to  a solution  of  nitrate  of  silver ; a precipitate  is 
thrown  down,  which  is  soluble  in  hot  water,  but  precipi- 
tates again  on  cooling,  and  which,  like  the  other  salts  of 
silver,  is  blackened  by  light.  The  solution  of  oxide  of 
platina  affords  minute  aggregated  crystals,  permanent  in 
the  air,  difficultly  soluble  in  water,  and  insoluble  in  alkohol. 
The  solution  of  oxide  of  quicksilver  affords  by  evaporation 
a white  brilliant  mass,  somewhat  soluble  in  alkohol,  but 
not  sensibly  soluble  in  water.  Oxide  of  copper  is  easily 
dissolved  by  the  acid,  and  a solution  obtained,  which  shoots 
into  small  pointed  crystals  of  a dark  green  colour,  difficult- 
ly soluble  in  water,  and  insoluble  in  alkohol.  Oxide  of 
tin  is  not  dissolved.  Lead  is  somewhat  eroded,  and  its 
oxide  is  dissolved,  forming  a solution  of  a sweetish  taste, 
which  shoots  into  white  shining  crystals,  soluble  both  in 
water  and  in  alkohol:  when  formed  by  precipitation,  ben- 
zoate of  lead  is  a light  crystalline  powder,  slightly  soluble 
in  water,  and  fusible.  Iron  is  dissolved  in  small  quantity  : 
the  solution  obtained  from  the  oxide  affords  crystals  of  a 
yellow  tinge,  having  a sweet  taste,  which  are  soluble  in 
water.  Benzoate  of  iron,  formed  by  adding  a solution  of 
benzoate  of  ammonia  to  a solution  of  a salt  of  iron,  is  near- 
ly insoluble  ; and  its  precipitation  has  hence  been  employ- 
ed as  a test  to  discover  iron,  being  less  expensive  than  suc- 
cinate of  ammonia : like  this  test  too,  it  serves  to  separate 
iron  from  manganese  and  other  metals,  these  not  being 
precipitated  by  it : the  solution  of  iron  requires  to  be  at 
the  maximum  of  oxidation,  and  also  neutral ; the  benzoate 
collected  by  precipitation,  and  dried  by  exposure  to  the 
air,  contains  .025  of  red  oxide  of  iron  *.  The  benzoate 
of  ammonia  affords  the  best  form  of  thus  applying  benzoic 
acid  as  a precipitant,  as  the  acid  itself  is  too  sparingly  so- 
luble ; and  the  other  benzoates  are  in  their  evaporation 
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liable  to  lose  a portion  of  acid,  and  thus  to  exist  with  an 
excess  of  base,  the  action  of  which  would  introduce  a 
source  of  error.  The  solution  of  oxide  of  zinc  by  benzoic 
acid  has  a styptic  taste,  and  yields  arborescent  crystals, 
which  are  soluble  both  in  alkohol  and  water.  The  solu- 
tion of  oxide  of  bismuth  yields  a light  mass,  composed  of 
white  crystalline  spiculae,  easily  soluble  in  boiling  water, 
and  sparingly  soluble  in  alkohol.  Oxide  of  antimony  af- 
fords a solution  which  does  not  crystallize,  but,  on  evapo- 
ration, gives  a white  flaky  mass,  soluble  in  water  and  in  al- 
kohol. White  oxide  of  manganese  is  dissolved  by  the  acid 
boiled  on  it,  and,  by  evaporation,  small  scaly  crystals  are 
obtained,  abundantly  soluble.  Oxide  of  nickel  gives  a so- 
lution of  a pale  green  colour,  which  does  not  crystallize. 
The  solution  of  oxide  of  cobalt  affords  crystals  of  nearly 
the  same  figure  as  the  acid  itself.  The  solution  of  oxide 
of  arsenic  gives  plumose  crystals,  which  effloresce  in  the 
air,  are  soluble  in  hot  water,  and  crystallize  on  cooling  *. 

With  the  exception  of  being  employed  as  a test  of  iron, 
benzoic  acid  is  applied  to  no  use.  It  was  formerly  em- 
ployed in  the  practice  of  medicine,  and  still  enters  into 
one  or  two  officinal  preparations ; but  does  not  appear  to 
have  any  medicinal  virtue. 


Sect.  XXVI, — of  acetic  acid. 

This  acid  exists,  as  has  already  been  remarked,  in  the 
sap  of  vegetables,  combined  with  potash  and  lime,  and  is 
sometimes  also  present  in  excess.  It  is  discovered  by  eva- 
porating the  sap,  and  adding  to  the  solid  matter  sulphuric 
acid : the  vapours  of  acetic  acid  are  then  perceived  by 
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their  smell.  It  is  more  peculiarly,  however,  the  produce 
of  fermentation,  and  the  production  of  it  even  characte- 
rizes one  stage  of  that  process.  It  is  under  it,  therefore, 
that  its  chemical  history  is  best  placed. 


Sect.  XXVII. — or  prussic  acid. 

The  acid  to  which  this  name  has  been  given,  is  usually 
obtained  in  the  decomposition  of  animal  substances  by  heat, 
being  formed  by  new  combinations  of  the  elements  of  ani- 
mal matter.  But  it  has  been  discovered,  that  it  exists  also 
as  a product  of  the  vegetable  system.  It  had  always  been 
observed,  that  it  has  in  a high  degree  the  peculiar  fragrant 
smell  of  peach  blossoms ; and  it  has  also  been  observed, 
that  the  same  smell  is  perceptible  in  the  distilled  waters 
from  the  leaves  of  the  cherry-laurel,  the  fruit  of  the  bit- 
ter almond,  and  some  similar  vegetables,  all  of  which  are 
narcotic.  Bohn  at  length  found,  that  when  potash  is  add- 
ed to  the  water  distilled  from  the  bitter  almond,  it  acquires 
the  property  of  forming  a blue  precipitate  with  solutions 
of  iron, — the  sure  indication  of  the  presence  of  prussic 
acid.  Schroeder  confirmed  this,  and  found  farther,  that 
the  same  acid  is  contained  in  the  distilled  waters  of  the 
peach  blossom  and  the  cherry-laurel,  so  that  even  a prus- 
siate  might  be  obtained  from  them  crystallized,  by  distilling 
them  from  potash.  These  singular  results  were  confirmed 
by  Vauquelin  and  by  Bucholz.  The  latter  chemist  suc- 
ceeded in  separating  prussic  acid  from  the  essential  oil  of 
the  cherry-laurel,  by  agitation  with  solution  of  potash. 
And  Roloflf  has  since  shewn,  that  lime-water,  and  water 
of  ammonia,  with  the  latter  of  which  Bucholz  did  not  suc- 
ceed, abstract  the  prussic  acid  from  the  same  oil,  as  well 


OF  MOROXYLIC  ACID. 


SOS 


as  from  the  oil  of  the  bitter  almond  *.  Vogel  too  has 
found,  that  the  residue  of  the  bitter  almond  after  expres- 
sion, yields  prussic  acid  by  distillation  with  water.  And 
this  acid  has  in  a high  degree  the  narcotic  property  of  the 
vegetables  in  which  it  is  thus  found.  Prussic  acid  there- 
fore may  be  classed  with  the  vegetable  acids;  but  as  it  is 
more  peculiarly  formed  from  animal  matter,  and  is  more 
analogous  in  composition  to  animal  substances,  its  history 
will  be  afterwards  delivered. 


Sect.  XXVIII. — of  moroxylic  acid. 

This  name  was  given  by  Klaproth  to  an  acid  which  he 
extracted  from  a saline  efflorescence,  found  by  Mr  Thom- 
son on  the  trunk  of  the  white  mulberry  (Moms  alba),  in 
the  botanical  garden  at  Palermo.  The  examination  of  it 
was  imperfect,  from  the  smallness  of  the  quantity  obtained 
by  Klaproth  ; but  as  he  regards  it  as  a peculiar  acid,  it  is 
necessary  to  give  it  a place,  though  farther  investigation 
may  connect  it  with  one  or  other  of  the  acids  already 
known.  In  its  properties  it  approaches  to  succinic  acid. 

The  saline  exudation  consists  of  this  acid  in  combina- 
tion with  lime,  mixed  with  extractive  matter.  It  is  of  a 
brown  colour ; approaches  to  succinic  acid  in  its  taste ; 
swells  when  placed  on  burning  fuel,  and  emits  an  acrid 
vapour,  leaving  an  earthy  residuum.  By  solution  in  wa- 
ter, and  crystallization,  the  saline  matter  is  obtained  more 
pure,  and  of  a lighter  colour.  The  alkaline  carbonates 
precipitate  lime  from  its  solution.  Exposed  to  heat,  it 

* Journal  tie  Physique,  tom.  li.  p.  165.  179.  tom.  lvi.  Anna- 
les  tie  Chimie,  tom.  xlv.  Philosophical  Magazine,  vol.  xviii. 
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gives  the  usual  products  of  vegetable  matter ; and  leaves 
a residuum  of  charcoal  and  lime. 

The  pure  acid  was  obtained  from  this  salt  by  two  pro- 
cesses. In  the  first,  to  a solution  of  the  salt  a solution  of 
acetate  of  lead  was  added  : the  precipitate  formed,  con- 
sisting of  the  acid  with  oxide  of  lead,  was  mixed  with  sul- 
phuric acid,  diluted  with  three  times  its  weight  of  water. 
Sulphate  of  lead  was  formed,  and  the  filtered  liquor,  by 
evaporation,  afforded  the  moroxylic  acid,  in  needles  of  a 
pale  straw  colour.  In  the  second,  the  salt  was  decom- 
posed by  sulphuric  acid,  the  sulphate  oi  lime  separated, 
and  the  pure  acid  obtained. 

This  acid  resembles  succinic  acid  in  taste.  It  remains 
dry  on  exposure  to  the  air,  and  is  soluble  both  in  water 
and  in  alkohol.  When  heated  in  a retort,  a small  quan- 
tity of  acid  liquor  is  obtained  : a concrete  salt  next  rises, 
which  condenses  in  prismatic  crystals,  colourless  and  trans- 
parent ; a little  charcoal  remained  in  the  retort.  These 
are  soluble  in  water,  and  the  solution  affords,  by  sponta- 
neous evaporation,  colourless  crystals.  It  appears,  there- 
fore, that  sublimation  is  the  best  mode  of  obtaining  this 
acid  free  from  the  extractive  matter  which  adheres  to  it. 
In  its  pure  state,  it  did  not  precipitate  the  metallic  solu- 
tions, as  the  native  salt  does  from  which  it  is  extracted  *. 


Sect.  XXIX. — of  mqrphin. 

Some  years  agoDerosne,  a French  chemist,  announced 
the  discovery  of  a peculiar  principle  in  opium.  Fie  ob- 
tained it  by  digesting  water  on  crude  opium,  evaporating 
the  solution,  and  digesting  the  precipitate  which  falls  down 

* Nicholson’s  Journal,  vol.  x.  ]>.  129. 
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during  the  evaporation  in  alkohol.  As  the  spiritous  solu- 
tion cools,  the  peculiar  principle  of  the  opium  precipitates 
in  crystalline  grains.  These  are  purified  by  repeated  so- 
lution and  evaporation  ; and  a substance  is  thus  procured 
in  prisms,  of  a white  colour,  free  from  taste  or  smell ; spar- 
ingly soluble  in  hot  water,  insoluble  in  cold  water ; soluble 
in  alkohol,  and  precipitated  from  this  solution  by  water ; 
soluble  also  in  ether ; dissolved  likewise  by  the  acids  as 
well  as  the  alkalis,  the  solutions  in  the  acids  being  preci- 
pitated by  the  alkalis,  and  those  in  the  alkalis  by  the  acids ; 
decomposed  by  nitric  acid,  so  as  to  afford  oxalic  acid  ; and 
decomposed  after  fusion  by  heat,  affording  the  usual  pro- 
ducts of  the  decomposition  of  vegetable  matter,  with  am- 
monia. He  also  remarked,  that  when  precipitated  from 
the  solution  of  opium  by  the  alkalis,  it  retained,  even  in 
its  crystallized  state,  the  power  of  changing  the  colour  of 
violet  to  a green ; but  he  ascribed  this  to  the  alkali  em- 
ployed in  the  precipitation.  This  substance  Derosne  found 
to  act  as  a powerful  narcotic  on  the  living  system,  and 
he  regarded  it  as  the  principle  in  which  the  narcotic  qua- 
lity of  opium  resides  *. 

Sertuerner,  a German  chemist,  had  been  occupied  a- 
bout  the  same  period  with  the  analysis  of  opium,  but  ob- 
tained very  different  results.  Not  considering  his  re- 
searches as  altogether  accurate,  he  continued  the  investiga- 
tion ; and  lately  he  has  announced  the  discovery  of  a prin- 
ciple in  opium  which  differs  essentially  from  that  described 
by  Derosne.  It  has  the  characteristic  chemical  properties 
of  an  alkali,  and  being  composed  of  the  usual  elements  of 
vegetable  matter,  is  to  be  considered  as  an  alkali  hav- 
ing a compound  radical,  bearing  in  this  respect  the  same 
analogy  to  the  other  alkalis,  that  the  vegetable  acids  do  to 
the  other  acids,  it  exists,  according  to  this  chemist,  in 
opium  in  combination  with  a peculiar  acid,  which  he  has 


* Annalcs  de  Cliimie,  tom.  lxv. 
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named  Meconic  acid;  and  this  combination,  he  affirms* 
constitutes  the  substance  obtained  by  Derosne.  F rom  its 
narcotic  power,  he  has  given  it  the  name  of  Morphium, 
or  Morphine.  The  following  account  of  its  properties  is 
taken  from  his  Memoir  *. 

To  obtain  it,  eight  ounces  of  dry  opium  were  digested 
with  heat,  in  successive  portions  of  distilled  water,  until 
it  was  no  longer  coloured.  The  liquors  being  evaporated, 
an  extract  was  obtained,  which  was  turbid  when  diffused 
in  water,  but  with  the  assistance  of  heat,  or  a larger  quan- 
tity of  water,  formed  a transparent  solution.  On  adding 
to  this  solution  an  excess  of  ammonia,  a substance  is  pre- 
cipitated of  a greyish-white  colour,  which  forms  into  small 
irregular  transparent  crystals.  These,  after  being  washed 
repeatedly  with  water,  are  the  morphin,  combined  with  a 
little  extractive  matter  and  meconic  acid.  This  substance 
was  saturated  by  sulphuric  acid  diffused  in  water,  and  add- 
ed in  slight  excess ; was  precipitated  anew  by  ammonia, 
and  submitted  repeatedly  to  the  action  of  that  alkali,  to 
separate  the  extractive  matter.  But  as  that  was  only  im- 
perfectly attained,  it  was  washed  repeatedly  by  alkohol, 
which  acquired  colour  from  it  deeply,  and  the  morphin  re- 
mained nearly  colourless.  To  obtain  it  in  a state  ot  per- 
fect purity,  it  was  dissolved  repeatedly  in  alkohol,  and  crys- 
tallized, and  was  thus  procuied  in  colourless  prisms  -f. 

Pure  morphin  has  the  following  properties : It  is  co- 


* Ann  ales  tie  Chimie  et  Physique,  tom.  \.  p.  —1. 
t In  an  appendix  to  the  Memoir,  the  following  process  is  given, 
differing  somewhat  from  that  above.  Rub  eight  ounces  of  opium 
in  powder,  with  two  or  three  ounces  of  concentrated  acetic  acid, 
and  a little  distilled  water  : diffuse  the  paste  in  two  or  three  pounds 
of  cold  water,  and  strain  the  liquor  : it  contains  acetate  and  meco- 
nate  of  morphin,  with  extractive  matter.  Precipitate  the  mor- 
phin by  ammonia,  and  evaporate  the  liquor  to  one  fourth  sept 
rate  the  morphin  after  cooling  by  filtration. 
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lourless ; soluble  in  boiling  water  in  a small  proportion  ; 
very  soluble  in  alkohol  anti  ether,  especially  with  the  aid 
of  heat ; the  taste  of  its  solutions  is  extremely  bitter.  Both 
the  watery  and  spiritous  solutions  render  brown  the  yellow 
colour  of  rhubarb,  and  this  more  strongly  than  that  of  tur- 
meric; they  restore  the  colour  of  litmus,  which  has  been 
reddened  by  an  acid ; nor  is  this  owing  to  the  presence  of 
ammonia,  for  the  morphin  produces  the  effect  when  no 
ammonia  is  present.  It  dissolves  easily  in  the  acids;  and 
forms  neutral  salts,  distinguished  by  very  characteristic 
properties.  The  following  are  enumerated  : 

The  sub-carbonate  of  morphin  is  formed  in  causing  car- 
bonic acid  to  act  on  morphin,  or  in  decomposing  its  solu- 
tion by  sub-carbonate  ot  potash.  The  carbonate  crystal- 
lizes in  short  prisms.  The  acetate  exhibits  a radiated 
crystallization,  and  is  very  soluble.  The  sulphate  is  also 
very  soluble,  and  affords  crystalline  ramifications.  The 
muriate  gives  a leathery  crystallization ; it  dissolves  with 
more  difficulty  than  the  other  salts,  and  assumes  on  cool- 
ing, if  the  evaporation  is  pushed  too  far,  a brilliant  mass, 
of  a silvery-white  colour.  The  nitrate  exhibits  a diverg- 
ing radiated  appearance.  The  tartrate  crystallizes  in 
prisms ; and  the  sub-meconate  displays  a similar  crystal- 
lization. All  these  salts  are  sufficiently  soluble  in  water, 
have  a micaceous  lustre,  and  effloresce  quickly  when  ex- 
posed to  the  air.  d hey  all  appear  to  be  extremely  dele- 
terious. 

In  the  order  of  salifiable  bases,  morphin  ranks  after 
ammonia,  as  it  is  disengaged  from  all  its  combinations  by 
that  alkali.  It  occupies  the  lowest  place  among  the  alkalis, 
having  the  least  alkaline  energy,  and  not  having  the  pro- 
perty of  forming  soaps  with  oils.  It  has  a less  strong  at- 
traction to  the  acids  than  ammonia,  and  even  than  mag- 
nesia; but  it  decomposes  the  greater  number  of  the  me- 
tallic salts,  such  as  sulphate,  muriate,  and  acetate  of  iron: 
and  different  salts  with  a base  of  mercury,  lead,  and  cop- 
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per.  It  destroys  the  green  colour  of  acetate  ol  copper, 
forming  with  it  probably  a ternary  combination.  It  com- 
bines with  the  carbonic  acid  of  the  atmosphere. 

Morphin  melts  easily  from  heat,  and  then  resembles  melt- 
ed sulphur;  it  crystallizes  on  cooling.  It  burns  strongly, 
and  when  heated  in  close  vessels,  it  affords  a black  resinous- 
like  substance,  having  a peculiar  smell.  It  combines  with 
sulphur  by  the  aid  of  heat,  but  at  the  same  moment  is  de- 
composed, forming  hydro-sulphuric  acid,  (sulphuretted 
hydrogen).  Its  elements  may  be  presumed  to  be  oxygen, 
carbon,  and  hydrogen,  with  probably  nitrogen.  Galvanic 
electricity  produces  little  effect  on  it,  even  in  contact  w ith 
a globule  of  quicksilver;  the  quicksilver,  however,  seem- 
ed to  change  its  consistence,  and  increase  in  size. 

According  to  Sertuerner,  the  morphin  exists  in  opium 
in  combination  with  an  acid,  which  he  has  named  Meco- 
nic, — an  inference  so  far  probable,  as  the  watery  solution 
of  opium  is  sensibly  acid.  The  liquid  from  which  mor- 
phin had  been  precipitated  by  ammonia,  containing  this 
acid,  was  evaporated  to  the  consistence  of  syrup  , a por- 
tion of  that  principle  separated  from  it,  and  was  also  pre- 
cipitated by  a farther  addition  of  ammonia,  but  was  re- 
dissolved  by  the  extractive  principle,  on  expelling  the  am- 
monia by  heat.  On  pouring  into  the  solution  muriate  oi 
barytes,  a precipitate  was  formed,  which  he  considcied  as- 
a quaternary  compound  of  barytes,  meconic  acid,  morphin, 
and  extractive  matter.  He  endeavoured  to  abstract  the 
two  latter  by  the  action  of  alkohol,  to  saturate  the  baijtes 
by  sulphuric  acid,  and  obtain  the  meconic  acid  pure.  He 
procured  it  by  evaporation,  but  coloured ; and  to  purify 
it  he  had  recourse  to  sublimation.  It  melted  at  fust  in  its 
water  of  crystallization,  then  sublimed  and  condensed  in 
■slender  needles,  colourless,  of  a sour  taste,  having  all  the 
properties  of  the  stronger  acids,  and  distinguished  by  its 
strong  affinity  to  oxide  of  iron,  which  it  precipitates  irom 
its  muriatic  solution  of  a fine  cherry-red  colour. 
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Morphin  is  described  by  this  chemist  as  very  highly  nar- 
cotic, so  that  the  most  minute  quantity  only  can  be  taken 
with  safety ; a grain  even  in  divided  doses,  dissolved  in  al- 
kohol,  produces  very  violent  effects.  The  meconic  acid 
has  no  deleterious  operation  ; and  it  seems  even  to  dimi- 
nish the  activity  of  the  other  principle. 

The  principal  facts  stated  by  Sertuerner,  particularly 
with  regard  to  the  properties  of  morphin,  have  been  con- 
firmed by  Gay  Lussac  and  by  Robiquet  *.  The  latter 
chemist,  finding  that  when  it  was  heated  in  a strong  solu- 
tion of  potash,  it  gave  some  traces  of  ammonia,  to  obviate 
the  supposition  that  its  alkaline  properties  may  arise  from 
the  presence  of  that  alkali  employed  in  its  precipitation, 
substituted  magnesia,  boiling  a small  portion  of  this  earth 
in  a concentrated  watery  infusion  of  opium  ; the  morphin 
was  obtained  perfectly  pure,  with  all  its  characteristic  qua- 
lities ; it  seemed  even  to  be  rather  more  alkaline  than  when 
it  had  been  precipitated  by  ammonia : it  contained  no  mag- 
nesia, and  burned  without  affording  any  residue. 

Robiquet  could  obtain  the  peculiar  acid  in  opium  only 
in  very  minute  quantity  by  the  process  of  Sertuerner.  But 
he  obtained  it  more  copiously  by  boiling  magnesia  in  ex- 
cess with  the  aqueous  solution  of  opium  ; treating  the  de- 
posite  with  very  dilute  sulphuric  acid  ; adding  to  the  solu- 
tion muriate  of  barytes,  which  precipitated  sulphate  and 
meconate  of  barytes,  and  decomposing  the  latter  by  sul- 
phuric acid.  The  meconic  acid  may  be  procured,  by  eva- 
poration of  its  solution,  in  crystals  ; which  may  be  purified 
by  sublimation  by  a very  gentle  heat.  It  is  then  obtained 
in  white  scales  or  needles  : it  is  fusible  by  a moderate  beat, 
somewhat  superior  to  that  of  boiling  water,  and  as  soon 
as  it  melts  it  sublimes  without  decomposition  : it  is  very 
soluble  both  in  water  and  in  alkohol ; reddens  litmus : it 
has  not  that  marked  action  on  oxide  of  iron  which  Ser- 


* Anuales  de  Chimie  et  Physique,  tom.  v.  p.  42.  275. 
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tuerner  dcscnbGs  i it  forms  soluble  suits  with  potash,  soda, 
and  lime.  The  salt  of  Derosne  is  not,  according  to  Ro- 
biquet,  the  meconate  of  morphin,  as  Sertuerner  had  sup. 
posed  ; he  regards  it  as  a substance  existing  in  opium  a- 
long  with  morphin,  but  altogether  independent  of  it.  1 his 
is  a question  which  must  be  regarded  as  imperfectly  deter- 
mined. 

The  alkaline  powers  of  morphin  appear  to  be  establish- 
ed ; and  the  discovery  is  important,  as  proving  that  these 
powers  are  not,  as  the  analogy  from  potash,  soda,  the 
earths,  and  metallic  oxides,  would  lead  to  conclude,  ex- 
clusively the  result  ot  oxidation  of  a metallic  base.  It 
adds  confirmation  to  the  view  I have  proposed  with  le- 
gard  to  the  theory  of  alkalinity,  since,  while  ammonia,  in 
opposition  likewise  to  that  analogy,  is  to  be  regarded  as  a 
compound  of  a simple  radical  not  metallic,  rendered  alka- 
line by  hydrogen,  morphin  may  be  regarded  as  composed 
of  a compound  radical  rendered  alkaline  by  the  same  elc- 
ment,  alone,  or  in  joint  action  with  oxygen. 


Sect.  XXX. — of  lignin  or  wood.  Cork.  Suberic 

acid. 

Wood  is  in  every  vegetable  the  basis  to  which  the  other 
principles  are  attached  ; the  skeleton  as  it  were  of  the  plant, 
and  the  substance  of  which  its  vessels  are  formed.  The 
bark,  and  the  fibrous  part  of  the  leaves,  are  of  a similar 
nature.  The  term  Woody  fibre  has  been  applied  to  de- 
note it,  or  the  name  Lignin  may  be  given  to  it  as  a pecu- 
liar principle.  It  has  every  claim  to  be  regarded  as  such, 
since  it  is  possessed  of  properties  sufficiently  appropriate 
and  distinctive. 

Wood  is  fibrous  in  its  texture,  the  fibres  being  inter- 
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laced.  It  is  inodorous,  insipid,  and  perhaps  when  per- 
fectly pure  is  free  from  colour.  It  is  however  frequently 
possessed  of  colour,  taste,  and  smell,  from  the  presence  ol 
extractive  matter,  mucilage,  resin,  or  essential  oil.  It  is 
only  when  these  have  been  extracted  by  the  action  of  wa- 
ter and  alkohol,  that  the  wood  can,  as  a chemical  principle, 
be  regarded  as  pure.  A fibrous  matter  often  pulverulent, 
remains  after  this  operation,  and  it  is  from  this  that  its 
characters  must  be  derived. 

The  ligneous  fibre  is  insoluble  in  water:  even  when  the 
water  is  boiled  on  it,  it  is  not  dissolved.  It  is  equally  in- 
soluble in  alkohol : hence  it  forms  the  residuum,  when  the 
solid  parts  of  plants  have  been  acted  on  by  these  fluids. 

From  exposure  to  the  air  in  a dry  state,  it  does  not  ap- 
pear to  suffer  any  change;  but  when  humid,  it  is  gradual- 
ly decomposed,  and  passes  through  various  intermediate 
states  to  that  of  a black  mould,  consisting  principally  of 
carbon.  Saussure  found,  that  the  oxygen  of  the  atmos- 
pheric air  is,  during  this  change,  consumed,  and  that  it  is 
replaced  by  an  equal  volume  of  carbonic  acid  gas  ; and  he 
concludes  from  his  experiments,  that  the  oxygen  abstracts 
part  of  the  carbon  of  the  wood,  but  that  it  loses  at  the 
same  time  a larger  proportion  of  its  oxygen  and  hydrogen, 
which  form  water ; and  that  by  the  abstraction  of  these 
principles,  the  proportion  of  carbon  is  increased  in  the  re- 
sidual matter.  When  the  air  is  excluded,  and  the  influ- 
ence of  water  alone  admitted,  the  changes  are  different, 
and  the  proportion  of  carbon  is  rather  diminished  than 
increased  *.  It  is  known  too,  that  when  the  air  is  entirely 
excluded,  wood  decomposes  with  extreme  slowmess,  even 
though  humid,  as,  for  example,  when  it  is  buried  in  the 
earth. 

According  to  the  same  chemist,  water  boiled  on  wood 
does  not  merely  dissolve  its  extractive  matter,  but  forms  a 

* Recherches  Chimiques,  p.  148. 
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portion  of  it,  so  that  it  is  impossible  to  reduce  wood  by 
repeated  decoctions  to  such  a state  that  it  shall  not  afford 
it.  He  boiled  three  ounces  of  oak  saw-dust  in  twenty- 
four  times  its  weight  of  water,  poured  off  the  decoction, 
evaporated  it,  and  repeated  this  a number  of  times.  The 
quantity  of  matter  afforded  by  the  first  decoction  was  90 
grains;  that  by  the  second  29  grains.  It  continued  to  di- 
minish to  the  ninth  decoction  : the  eleventh  and  twelfth 
afforded  the  same  quantity  as  the  ninth,  amounting  to  4 
grains.  The  remaining  saw-dust  was  exposed  to  the  air 
for  two  months.  On  being  submitted  to  a new  decoction, 
it  gave  5<£  grains  of  extract;  the  fourteenth  decoction  af- 
forded 4 grains;  and  alter  a new  exposure  for  two  months 
to  the  air,  the  quantity  was  again  augmented  to  5\  grains. 
Wood,  the  most  completely  freed  of  its  soluble  principles, 
furnishes  always  by  maceration  in  water  with  the  contact 
of  air,  infusions  holding  extractive  matter  dissolved  *. 

The  alkalis  act  on  wood  : when  an  alkaline  solution  is 
allowed  to  remain  over  wood,  it  receives  colour,  and  the 
colour  of  the  wood  is  darkened.  W ith  the  assistance  of 
heat,  they  soften,  and  partly  dissolve  and  decompose  it. 

The  stronger  acids  act  on  it.  Sulphuric  acid  chars  it, 
rendering  it  in  a short  time  black  and  soft.  Nitric  acid 
gives  it  a yellow  tinge ; and  when  acting  on  it  in  large 
quantity,  disengages,  according  to  Fourcroy,  nitrogen  gas, 
and  converts  it  into  oxalic  acid,  with  small  quantities  of 
malic  and  acetic  acids. 

When  wood  is  exposed  to  heat  in  an  iron  retort,  a por- 
tion of  water  distils  over,  which,  as  the  distillation  pro- 
ceeds, becomes  acid,  and  at  length  a liquor  very  acid  and 
pungent,  of  a yellow  colour,  is  condensed ; an  empyreu- 
matic  oil  passes  over  in  considerable  quantity  : carburetted 
hydrogen  and  carbonic  acid  gases  are  disengaged ; and  a 
portion  of  ammonia  is  produced,  which  exists  neutralized 


* Recherches  Chimiques,  p.  150. 
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in  the  acid  liquor.  A concrete  charcoal  remains,  which 
retains  the  figure,  and  in  some  measure  the  texture  of  the 
wood.  The  acid  procured  in  this  process,  was  formerly 
regarded  as  a peculiar  one,  and  named  Pyro-ligneous  A- 
cid.  Ihe  researches  of  Fourcroy  and  Vauquelin  shew- 
ed, that  it  is  diluted  acetic  acid,  with  an  impregnation 
of  empyreumatic  oil.  It  is  afforded  in  so  large  a quan- 
tity, that  the  process  is  employed  to  furnish  this  acid,  for 
some  of  the  purposes  to  which  it  is  applied  ; and  for  che- 
mical preparations  it  has  the  advantage  over  common 
vinegar,  of  being  free  from  malic  or  tartaric  acid.  In 
preparing  charcoal  for  the  fabrication  of  gunpowder,  the 
wood  being  distilled  in  iron  retorts,  the  acid  liquor  is  col- 
lected, and  is  used  by  the  calico-printers  to  form  the  ace- 
tate of  iron,  which  they  employ  as  a mordant.  It  is  also 
now  purified  by  distillation  from  charcoal,  and  applied 
extensively  to  the  purposes  for  which  vinegar  is  used. 

The  charcoal  of  wood  affords,  after  its  combustion,  a 
quantity  of  saline  matter,  principally  carbonate  and  sul- 
phate of  potash  and  of  lime,  muriate  of  potash,  and  phos- 
phates of  magnesia  and  lime ; and  portions  of  earths  and 
metals,  particularly  silex,  iron,  and  manganese.  All  these, 
however,  are  not  essential  to  the  composition  ; the  greater 
number  are  accidental,  and,  as  has  been  already  stated, 
(page  67.),  often  dependent  on  the  soil,  and  derived  from 
it.  The  portion  of  charcoal  afforded  by  different  woods, 
is  different,  being  more  as  the  wood  is  compact  and  dense  : 
and  the  quantity  of  saline  matter  is  different.  On  this 
subject,  the  researches  of  Saussure  have  been  extensive ; 
and  his  tables,  which  are  too  numerous  to  be  inserted, 
present  a number  of  facts  on  the  incineration  of  different 
woods,  the  quantity  of  saline  matter  it  affords,  and  the 
circumstances  by  which  the  production  of  this  appears  to 
be  influenced. 

When  air  is  freely  admitted,  and  the  heat  is  raised  to 
ignition,  wood  burns.  Its  combustion  is  at  first  vivid,  or 
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gives  much  light*  from  the  extrication  of  the  hydrogen  in 
combination  with  a part  of  its  carbon ; but  as  this  is  dis- 
sipated, there  is  only  the  red  glow  of  the  charcoal.  The 
products  of  the  combustion  are  principally  carbonic  acid 
and  water ; and  if  nitrogen  be  a constituent  principle  ol 
wood,  as  its  analysis  by  heat  appears  to  prove,  ammonia 
is  probably  also  evolved.  An  ammoniacal  salt  is  accord- 
ingly found  in  the  soot  of  fuel. 

From  the  analysis  of  wood,  it  appears  to  consist  of  car- 
bon, hydrogen,  oxygen,  and  nitrogen,  with  probably  lime. 
Of  all  the  vegetable  principles,  it  contains  the  largest  pro- 
portion of  carbon ; since,  independent  of  the  quantity  ol 
this  principle  disengaged  in  the  state  ol  carbonic  acid  and 
other  elastic  products,  the  residual  charcoal  amounts  to  one 
fourth  or  fifth  of  the  weight  of  the  original  wood.  From 
this  predominance  of  carbon,  it  probably  derives  its  solidi- 
ty, and  its  inactivity  as  a chemical  substance.  The  pro- 
portions of  its  constituent  parts  have  been  given  by  Gay 
Lussac  and  Thenard,  as  determined  by  their  mode  of  ana- 
lysis by  hyper-oxymuriate  ol  potash.  Oak  wood  afforded 
of  carbon  52.53,  oxygen  4-1.78,  hydrogen  5.69;  beach 
wood,  carbon  51.45,  oxygen  42.73,  hydrogen  5.82. 


Cork  is  a substance  analogous  to  wood.  It  is  the  ex- 
ternal bark  of  the  Quercus  suber ; but,  as  Fourcroy  ob- 
served, the  epidermis  of  all  ligneous  vegetables  is  similar ; 
and  they  are  probably  all  varieties  of  the  matter  which 

constitutes  the  ligneous  fibre. 

Cork  is  light,  soft,  spongy,  and  elastic : it  is  inflammable; 
affords  a little  ammonia  by  distillation  ; and  is  acted  on  by 
chemical  agents,  in  nearly  the  same  manner  as  wood. 

The  principal  peculiarity  w'ith  regard  to  it,  is  that  of  af- 
fording an  acid  different  from  every  other,  when  acted  on 
by  the  nitric  acid.  This  wras  first  observed  by  Brugnatelli ; 
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the  production  and  properties  of  this  acid,  named  the  Su- 
beric, have  been  more  fully  investigated  by  Bouillon  La- 
grange * ; and  by  Chevreul  f. 

The  process  employed  to  obtain  it,  consists  in  pouring 
on  cork  in  a retort,  six  times  its  weight  of  diluted  nitric 
acid,  and  distilling  it  from  it  with  a gentle  heat : red  va- 
pours are  extricated  ; the  cork  swells  and  becomes  yellow ; 
and  as  the  distillation  proceeds,  a soft  spongy  matter  rises 
to  the  surface.  The  distillation  is  continued,  until  the  va- 
pours cease,  (and  to  render  the  action  more  complete,  the 
acid  which  distils  over,  may  be  returned  upon  the  residual 
matter,  and  distilled  again) : the  whole,  while  warm,  is 
poured  into  a glass  or  porcelain  bason,  placed  on  a sand- 
bath,  and  a moderate  heat  is  applied,  stirring  the  matter 
constantly  with  a glass  rod.  It  is  thus  gradually  thick- 
ened : and  as  soon  as  it  ceases  to  disengage  white  irritat- 
ing vapours,  the  vessel  is  removed  from  the  sand-bath,  and 
the  residual  mass  is  agitated  until  nearly  cold.  A sub- 
stance is  obtained,  of  the  consistence  of  honey,  of  a yellow 
colour,  and  a sharp  penetrating  odour  when  it  is  warm,  an 
aromatic  odour  wrhen  cold.  To  obtain  the  acid  which  is 
contained  in  it,  twice  its  weight  of  distilled  water  is  heated 
upon  it,  and  the  solution  is  filtered  from  the  part  that  is 
not  dissolved  by  the  water.  It  is  of  an  amber  colour,  and 
has  a smell  approaching  to  that  of  prussic  acid  : on  cool- 
ing it  becomes  turbid ; the  precipitate  is  separated  by  fil- 
tration, and  the  acid  is  obtained  more  pure.  By  evapora- 
tion and  coolipg,  the  suberic  acid  is  deposited : the  residual 
liquor,  according  to  Chevreul,  contains  oxalic  acid,  and 
what  has  been  named  the  Bitter  Principle.  In  this  opera- 
tion the  production  of  the  acid  is  owing  to  the  communi- 
cation of  oxygen  from  the  nitric  acid  to  the  principles  of 
the  cork ; carbonic  acid  gas  is  disengaged  during  the  opera- 

* Annales  de  Chimie,  tom.  xxiii.  p.  42. 

t Nicholson’s  Journal,  vol.  xxiii.  p.  143. 
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tion,  along  with  the  nitrous  vapours.  The  matter  deposit- 
ed during  the  formation  of  the  acid,  consists  principally  of 
a substance  which  assumes  the  consistence  of  wax,  and  ot 
a white  tasteless  powder,  which  has  some  analogy  writh  fe- 
cula. 

Suberic  acid  obtained  by  this  process  is  coloured,  but  it 
may  be  purified  by  repeated  solutions  in  water,  by  boiling 
with  charcoal,  or  by  combining  it  with  an  alkali,  and  pre- 
cipitating by  an  acid.  It  is  thus  obtained,  according  to 
Chevreul,  white  as  starch,  particularly  by  precipitating  it 
from  its  combination  with  lime  by  muriatic  acid  : it  is  not 
crystallizabie : it  is  either  pulverulent  when  precipitated, 
or  when  obtained  by  evaporation  is  in  thin  irregular  pel- 
licles. Its  taste  is  slightly  acid  : dissolved  in  a small  quan- 
tity of  boiling  water,  it  is  irritating  to  the  throat,  and  ex- 
cites coughing.  It  reddens  the  vegetable  colours,  and  it 
attracts  a little  humidity  from  the  air.  Exposed  to  heat, 
it  is  fused,  then  volatilized,  and  forms  crystalline  flakes  on 
the  sides  of  the  vessel,  and  it  yields  vapours  with  boiling 
water,  which  condense  in  crystalline  needles.  Heated  by 
the  blow-pipe,  it  first  liquefies,  then  becomes  pulverulent, 
and  lastly  is  sublimed,  exhaling  an  odour  of  sebacic  acid. 
It  becomes  brown  from  exposure  to  light. 

At  the  temperature  of  60°,  an  ounce  of  water  dissolves 
10  grains  of  the  concrete  acid,  but  if  it  is  very  pure,  not 
more  than  4 grains.  Boiling  water  dissolves  half  its  weight. 
According  to  Chevreul,  one  part  of  it  requires  for  its  so- 
lution 38  parts  of  water  at  140°,  and  80  parts  at  55.  It 
is  also  soluble  in  alkohol. 

It  is  not  altered  by  oxygen  gas.  The  mineral,  or  vege- 
table acids,  have  little  action  on  it,  and  do  not  completely 
dissolve  it.  Nitric  acid  do^s  not  decompose  it. 

Suberic  acid  unites  with  the  alkalis  and  earths.  Its  sal$£ 
are  named  Suberates.  It  does  not  precipitate  barytes, 
strontites,  or  lime,  from  their  saline  combinations.  The 
mineral  acids  in  general  precipitate  the  suberic  acid  from 
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their  solutions ; and  its  salts  are  decomposed  by  solutions 
of  almost  all  the  metallic  salts. 

Suberate  of  potash  crystallizes  in  four-sided  prisms ; has 
a bitter  saline  taste;  is  fused  and  decomposed  by  heat; 
and  very  soluble  in  water.  Suberate  of  soda  does  not  crys- 
tallize : its  taste  is  slightly  bitter;  it  is  very  soluble  in  wa- 
ter, and  attracts  humidity  from  the  air.  It  is  also  soluble 
in  alkohol.  Suberate  of  ammonia  has  a saline  bitterish 
taste  : it  is  crystallizable  ; is  very  soluble  in  water  ; attracts, 
a little  humidity  from  the  air,  and  is  volatilized  when  heat- 
ed before  the  blow-pipe.  Suberate  of  barytes  is  not  crys- 
tallizable, and  is  scarcely  soluble  in  water,  except  from  ex- 
cess of  acid.  Suberate  of  lime  is  very  sparingly  soluble 
in  water : boiling  water  dissolves  a portion  of  it,  but  the 
greater  part  precipitates  on  cooling ; nor  does  it  crystallize ; 
it  is  perfectly  white ; its  taste  is  a little  saline.  Suberate 
of  magnesia  is  in  the  form  of  a powder;  it  has  a bitter 
taste;  attracts  a little  humidity  from  the  air;  is  soluble  in 
water,  and  is  decomposed  by  heat.  Suberate  of  alumina 
cannot  be  obtained  in  a crystalline  form,  but  is  reduced 
by  evaporation  to  a dry  mass,  of  a yellow  colour,  trans- 
parent, having  a styptic  bitterish  taste. 

Suberic  acid  has  no  action  on  platina,  gold,  or  nickel ; 
but  it  forms  salts  with  the  other  metals,  which  in  general 
do  not  crystallize,  and  have  a tendency  to  form  with  an 
excess  of  acid.  It  decomposes  acetate  and  nitrate  of  lead, 
and  nitrates  of  mercury  and  silver : with  nitrate  of  copper 
it  forms  no  precipitate,  but  the  blue  colour  of  the  solution 
passes  to  green,  as  does  also  that  of  sulphate  of  copper : 
the  solution  of  sulphate  of  iron  becomes  of  a deep  yellow, 
and  that  of  sulphate  of  zine  of  a clear  golden  yellow. 

A character  mentioned  by  Lagrange  as  peculiar  to  it  is, 
that  when  a few  drops  of  it  are  added  to  a solution  of  in- 
digo in  sulphuric  acid,  it  causes  the  blue  colour  to  pass  to 
a green.  According  to  Chevreul,  however,  this  does  not. 
belong  to  the  pure  acid,  but  is  owing  to  the  presence  of 
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the  bitter  principle,  the  yellow  colour  of  which  renders 
the  blue  of  the  indigo  green. 

Bouillon  Lagrange  has  observed,  that  this  acid  is  dis- 
tinguished from  the  citric  by  not  crystallizing ; from  the 
gallic,  by  not  precipitating  iron  black  ; Irom  the  malic,  by 
being  obtained  in  a concrete  form  ; Irom  the  tartaric,  by 
its  volatility  ; from  the  oxalic,  by  not  precipitating  the  so- 
lution of  sulphate  of  copper,  and  by  yielding  to  it  lime. 
From  these,  and  the  phenomena  presented  in  its  combina- 
tions, he  considers  it  as  proved  to  be  different  from  all  the 
other  acids. 

The  conclusion  seems  to  be  just.  Yet  it  is  to  be  observ- 
ed, that  it  scarcely  appears  to  have  been  obtained  pure. 
A portion  of  extractive  and  bitter  matter  is  formed  along 
with  it,  which  appears  to  be  only  partially  abstracted,  as 
is  evident  from  the  aromatic  odour  which  alkohol  deve- 
lopes  in  it,  and  from  pure  potash  giving  it  a deep  colour. 
We  can  scarcely,  therefore,  determine  how  far  the  pecu- 
liar properties  it  exhibits  may  be  owing  to  the  foreign  mat- 
ter combined  with  it.  Chevreul  appears  to  have  obtained 
it  in  a purer  state ; he  has  remarked  that  it  has  a great 
analogy  with  the  Sebacic  acid  ; and  that  the  only  striking 
difference  between  them,  is  the  crystalline  form  which  the 
suberic  acid  assumes  when  dissolved  in  water  or  in  alkohol. 

Chevreul  has  since  given  the  name  of  Cerin  to  a par- 
ticular substance  extracted  from  cork,  by  boiling  it  with 
alkohol  under  increased  pressure.  It  is  in  small  needles, 
as  obtained  from  the  solution,  and  white ; it  does  not  melt 
in  boiling  water,  but  softens ; when  heated  or  distilled,  it 
suffers  nearly  the  same  changes  as  wax.  1 lie  name  of  Cerin 
had  been  given  by  Dr  John  to  that  part  of  wax  which  is 
soluble  in  alkohol.  How  far  these  are  similar  is  not  de- 
termined*. 


* Annals  of  Philosophy,  vol.  ix.  p.  58. 
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The  Ligneous  Fibre  is  probably  the  basis  of  other  ve- 
getable productions,  as  of  the  fibres  of  flax,  cotton,  and 
other  vegetables  which  are  dressed  and  wove  into  cloth. 
They  agree  with  it,  not  only  in  their  natural  production 
and  their  texture,  but  in  chemical  qualities;  particularly 
in  inflammability,  insolubility  in  water  or  alkohol,  and  in 
the  changes  they  suffer  from  the  alkalis,  the  mineral  acids, 
and  other  re-agents.  Any  differences  they  present  are 
probably  to  be  ascribed  to  their  state  of  aggregation,  or  to 
slight  modifications  of  composition.  If  this  view  be  just, 
the  basis  of  Paper  must  consist  of  the  same  principle,  and 
it  exhibits  nearly  the  same  chemical  qualities. 


Sect.  XXXI  . — OF  COLOURING  MATTER, 

Colouring  matter.  It  has  been  supposed,  that  a 
principle  exists  in  vegetables,  in  which  their  colour  fre- 
quently resides,  which  has  hence  received  the  name  of 
Colouring  Matter.  In  this  opinion  there  is  a degree  of 
obscurity  and  vagueness  : colour  being  a secondary  qua- 
lity, which  may  reside  in  any  species  of  matter,  and  which 
is  exhibited  by  substances  of  the  most  opposite  kind,  there 
appears  no  reason  to  suppose,  that  there  is  a distinct  prin- 
ciple to  which  it  exclusively  belongs.  At  the  same  time, 
there  are  many  vegetable  products,  possessed  of  deep  or  of 
vivid  colours,  which  agree  in  certain  chemical  relations: 
the  colouring  matter  can  be  abstracted  from  them  by  the 
application  of  certain  solvents ; can  be  transferred  from 
these  to  other  substances  exerting  affinities  towards  it:  and 
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this,  without  the  phenomena  being  always  referable  to  ac- 
tions exerted  to  any  known  proximate  principle.  In  gene- 
ral, this  colouring  matter  appears  nearly  allied  to  the  ex- 
tractive principle.  Farther  investigations  must  determine 
with  more  precision  its  varieties,  and  their  relations  to  the 
other  vegetable  principles.  At  present,  we  so  lar  general- 
ize the  facts  on  this  subject  as  to  state  them  in  connection, 
without  assuming  that  the  principle  to  which  they  relate  is 
uniform  and  distinct  from  every  other.  These  facts  are  ol 
importance  from  their  connection  with  the  arts  of  dyeing 
and  pigment-making,  ot  which,  as  being  strictly  chemical, 
it  is  necessary  to  take  notice.  Some  also  ol  these  colour- 
ing substances,  indigo  in  particular,  are  possessed  ol  veiy 
distinctive  properties. 

The  colouring  matter  of  vegetables  is  usually  mixed  or 
combined  with  other  principles.  In  this  state  it  exists  in 
the  leaves,  and  flowers,  in  the  bark,  and  in  the  wood  ol 
the  stem  and  roots.  It  is  extracted,  and  obtained  more 
pure,  by  the  action  ol  those  agents  which  are  capable  of 
dissolving  it. 

In  many  cases,  water,  cold  or  warm,  is  sufficient  for  this 
purpose.  If  logwood,  brazil  wood,  madder,  weld,  or  quer- 
citron bark,  be  macerated  in  water,  a coloured  solution  is 
obtained  ; and,  by  repeating  the  maceration  with  water, 
nothing  remains  but  the  ligneous  fibre. 

Sometimes  the  colouring  matter  is  not  soluble  in  water. 
It  is  frequently  soluble  in  alkohol ; and  in  a few  substances, 
as  in  the  alkanet  root,  is  dissolved  bv  oils  essential  or  ex- 
pressed. Frequently  the  extraction  of  the  coloui  is  facili- 
tated by  the  action  ot  the  alkalis  or  acids ; and  some  can 
be  dissolved  only  by  the  aid  ol  these.  These  differences 
prove,  that  this  matter  is  not  uniform,  but  that  coloui  is 
attached  to  principles  of  a different  nature. 

When  the  colouring  matter  is  in  solution,  it  may  be  at- 
tracted from  the  solvent  by  other  substances  with  which  it 
enters  into  combination.  There  are  some  substances 
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which  appear  in  general  to  exert  strong  affinities  to  co- 
louring matter,  particularly  alumina,  and  some  of  the  me- 
tallic oxides.  If  alumina  be  boiled  in  a coloured  infusion, 
it  often  happens  that  the  colouring  matter  combines  with 
it,  and  leaves  the  water  of  the  infusion  colourless.  Or  if 
alum  be  dissolved  in  a coloured  infusion,  and  it  be  decom- 
posed by  the  addition  of  an  alkali,  the  earth  in  its  precipi- 
tation attracts  the  colouring  matter,  forms  a coloured  pre- 
cipitate, and  if  the  due  proportions  have  been  observed, 
the  liquid  remains  without  colour.  In  like  manner,  if  a 
coloured  infusion  be  boiled  with  a metallic  oxide,  the  co- 
louring matter  is  often  attracted  by  the  oxide.  Thus, 
Berthollet  obtained  combinations,  by  this  process,  of  the 
colouring  matter  of  logwood,  and  other  dye-stuffs,  with 
oxide  of  copper,  and  oxide  of  tin  *.  Or  if  certain  metallic 
salts  be  dissolved  in  the  infusion,  and  be  decomposed  by 
an  alkali,  the  oxide  in  precipitating  attracts  the  colouring 
matter.  It  is  from  similar  affinities  to  the  colouring  mat- 
ter that  it  is  attracted  by  linen,  cotton,  silk,  or  wool,  from 
its  solutions  ; and  even  where  the  affinities  of  these  are  not 
sufficiently  powerful,  they  may  be  rendered  capable  of  at- 
tracting it,  or  the  combination  may  be  rendered  more  per- 
manent, by  their  being  impregnated  with  another  sub- 
stance, which  has  stronger  attraction  to  it. 

The  shade  of  colour  of  any  substance,  and  even  the 
tint,  are  altered  by  chemical  agents.  The  alkalis,  acids, 
and  various  neutral  and  metallic  salts,  exert  operations  of 
this  kind.  By  some  the  colour  is  weakened,  or  altogether 
discharged.  Light,  it  is  well  known,  proves  injurious  to 
the  permanence  and  brightness  of  vegetable  colours ; so 
does  exposure  to  the  air  ; and  the  power  of  the  oxymuria- 
tic  acid  in  destroying  them  is  still  more  energetic. 

On  the  piinciplcs  now  stated,  rests  in  a great  measure 

* Annales  de  Chimie,  tom.  i.  p.  259. 
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the  art  of  dyeing,  the  processes  of  which  are  arrangements 
founded  on  the  affinities  of  colouring  matter,  in  conse- 
quence of  which  colours  are  extracted,  modified,  trans- 
ferred to  the  cloth,  and  rendered  more  peimanent. 

This  view  of  the  processes  of  dyeing,  which  reduces 
them  to  exertions  of  affinity  between  the  colouring  matter 
and  the  substance  dyed,  appears  to  have  been  suggested 
by  Dufay.  The  theory  adopted  by  the  older  chemists 
was  rather  mechanical.  It  was  imagined,  that  the  coloui- 
ing  matter  was  lodged  in  the  pores  oi  the  cloth ; and,  ac- 
corchng  as  these  were  more  or  less  numerous,  oi  ot  gicatei 
or  less  fineness,  the  cloth,  or  thread,  would  be  more  or 
less  easily  dyed  ; and  the  action  ol  substances  facilitating 
the  dyeing,  was  supposed  to  depend  on  the  changes  they 
produced  on  this  mechanical  structure.  1 his  was  the 
doctrine  of  Hellot.  Dufay  justly  observed,  that  unless  some 
species  of  attraction  be  exerted  between  the  colouring  mat- 
ter and  the  substance  receiving  it,  cloth  immersed  in  a 
dyeing  liquor  could  not  receive  a deeper  colour  than  that  ol 
the  liquor  itself;  whereas  the  liquor  has  always  the  deepness 
of  its  colour  diminished,  and,  if  certain  proportions  are 
observed,  it  becomes  limpid,  and  the  colouring  particles 
are  entirely  transferred  from  it  to  the  cloth. 

Bergman  gave  this  view,  with  more  precision,  referred 
the  phenomena  of  dyeing  entirely  to  chemical  principles, 
and  established  this  by  experiment.  In  immersing  wool 
and  silk  in  a solution  of  indigo  in  sulphuric  acid  largely 
diluted  with  water,  he  observed,  that  the  wool  was  speedily 
dyed,  and  that,  if  the  proper  proportions  were  observed, 
the  solution  was  nearly  or  entirely  deprived  of  colour. 
The  silk  was  dyed  more  weakly ; it  only  lessened  the  co- 
lour of  the  solution,  but  did  not  abstract  it  entirely.  These 
phenomena  lie  ascribed  to  the  different  forces  of  attraction 
exerted  towards  the  colouring  matter.  In  consequence  of 
such  an  attraction,  the  sulphuric  acid  had  dissolved  the 
indigo ; the  silk  exerted  to  the  particles  of  the  indigo  a 
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stronger  attraction  than  the  diluted  acid:  it  therefore  ab- 
sti  acted  them  from  the  fluid.  And  the  wool  did  this  more 
rapidly  and  completely,  as  having  to  these  particles  a still 
stronger  attraction  *. 

The  difference  in  the  forces  of  affinity  of  the  different 
materials  of  clothing  for  the  various  kinds  of  colouring 
matter  are  so  considerable,  that  they  vary,  not  only  in  the 
facility  with  which  they  are  dyed,  and  the  deepness  of  co- 
lour they  assume  from  the  same  dyeing  liquor,  but  fre- 
quently one  will  receive  no  colour  from  a composition 
which  will  give  another  a deep  tinge.  Cotton  receives 
scarcely  any  colour  in  a bath  in  which  wool  is  dyed  scar- 
let. Wool  appears  to  have  the  strongest  attraction  to  co- 
louring matter;  next  to  it  is  silk,  then  linen,  while  cotton 
has  the  weakest,  and  is  therefore  dyed  perfectly  with  most 
difficulty.  Animal  matter  appears  therefore  to  have  a 
stronger  attraction  to  the  colouring  particles  than  vegetable 
substances  have  ; and  this  shews  some  analogy  between  co- 
louring matter  and  tannin. 

W hen  the  substance  to  be  dyed  has  little  or  no  attrac- 
tion to  the  matter  on  which  the  colour  depends,  so  as 
either  not  to  be  capable  of  abstracting  it  from  its  solvent, 
01  of  letaining  it  with  such  force  as  to  form  a permanent 
dye,  there  are  certain  arrangements  by  which  colour  is 
communicated  and  rendered  permanent.  These  consist 
in  impregnating  it  with  some  substance  which  shall  serve 
as  a bond  of  union  between  them.  Such  substances  are, 
in  the  language  of  the  art,  denominated  Mordants.  Their 
use  is  essential  in  the  processes  of  dyeing,  and  the  discovery 
of  them  has  been  altogether  empirical,  or  without  any 
knowledge  of  the  principles  on  which  they  operate.  Mac- 
quer  seems  first  to  have  given  clearly  the  theory  of  their 
action  : “ where  they  have  been  used,”  he  observes,  “ it 
is  not  the  stuff  immediately  which  takes  the  colour,  but 
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the  earthy  or  metallic  part  of  the  mordants ; so  that  when 
stuffs  are  well  dyed  by  these  processes,  it  is  owing  to  those 
coloured  precipitates  being  capable  of  adhering  to  them 
more  or  less  forcibly.”  Mordants,  therefore,  are  substances 
which,  on  the  one  hand,  have  an  attraction  to  the  matter 
to  be  dyed,  and,  on  the  other,  to  the  colouring  matter, 
and  which  thus  serve  to  unite  them.  W ithout  their  use, 
either  the  colouring  matter  would  not  be  attracted,  or  be 
attracted  so  weakly,  that  in  washing  the  cloth  it  would  be 
again  removed.  The  principal  mordants  are  alum,  ace- 
tate of  argil,  muriate  of  tin,  sulphates  ot  copper  and  zine, 
acetate  of  copper,  oxide  of  arsenic,  tannin,  and  certain  ani- 
mal substances.  Of  those  of  the  saline  kind,  it  is  not  so 
much  the  entire  salt,  as  its  earthy  or  metallic  base,  that 
serves  to  fix  the  colouring  matter  ; and  in  the  course  of  the 
process,  it  is  accordingly  generally  disunited  from  its  acid. 
Hence  the  extensive  application  of  alum  and  of  the  solu- 
tions of  tin  as  mordants,  from  the  powerf  ul  affinities  of 
alumina  and  oxide  of  tin  to  colouring  matter. 

Sometimes  mordants  are  employed  rather  to  heighten 
the  colour,  or  give  it  more  brilliancy,  or  communicate  a 
particular  shade.  Besides  the  substances  already  enume- 
rated, the  sulphuric  and  nitric  acids,  and  even  the  oxy- 
muriatic  acid,  in  small  quantity,  are  employed  with  this 

view. 

Mordants  are  susceptible  of  a great  variety  of  applica- 
tions, with  regard  to  the  various  dyes,  and  the  different 
cloths;  and  the  proper  management  of  them  constitutes  a 
great  part  of  the  art  of  dyeing.  They  are  used,  either  by 
previously  impregnating  the  cloth  with  them,  or  by  mix- 
ing them  with  the  dyeing  materials,  or  sometimes  both 
methods  arc  conjoined.  There  are  also  numerous  varieties 
in  the  composition  of  the  dyeing  materials,  a number  of 
substances  being  often  mixed,  in  order  to  piocure  a paiti- 
cular  colour  or  shade.  This  evidently  admits  of  no  abiidg- 
ed  account ; and  1 must  refer,  therefore,  for  any  details 
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with  regard  to  it,  to  the  scientific  treatises  of  Bertl^ollet 
and  Bancroft,  on  the  Art  of  Dyeing.  An  experimental 
investigation  of  the  principal  mordants  has  also  been  un- 
dertaken by  Thenard  and  Hoard  f. 

The  art  of  cloth-printing  or  calico-printing,  in  other 
words,  of  dyeing  in  certain  colours  spots  of  the  cloth,  or 
figures  impressed  on  it,  while  the  ground  shall  be  of  a dif- 
ferent colour  or  entirely  white,  affords  another  practical 
application  of  those  principles.  A mordant  is  applied  to 
the  part  on  which  the  colours  are  to  be  impressed  ; which 
are  by  its  operation  rendered  permanent,  while  from  the 
rest  of  the  cloth  they  are  easily  discharged. 

The  mordant  principally  used,  is  the  acetate  of  alumina. 
It  is  prepared  by  dissolving  3 lbs.  of  alum  and  I lb.  of 
acetate  of  lead,  in  8 lbs.  of  warm  water  : the  sulphuric  acid 
of  the  alum  combines  with  the  oxide  of  lead,  and  the  com- 
pound being  insoluble,  is  precipitated  ; the  acetic  acid  re- 
mains united  with  the  earth  of  the  alum  in  solution.  There 
are  added  2 ounces  of  the  potash  of  commerce,  and  2 
ounces  of  chalk ; the  principal  use  of  which  seems  to  be, 
to  neutralize  the  excess  of  acid.  The  superiority  of  this 
acetate  of  alumina  as  a mordant,  to  alum,  arises  from 
the  affinity  between  its  principles  being  weaker,  in  conse- 
quence of  which  the  alumina  more  easily  unites  with  the 
cloth  and  the  colouring  matter;  and  from  the  acetic  acid 
disengaged,  not  acting  with  the  same  foice  on  the  colour- 
ing matter  as  the  sulphuric  acid  would  do.  The  acetate 
also  having  little  tendency  to  crystallize,  can  be  more  equal- 
ly mixed  and  applied.  A singular  fact  with  regard  to  it, 
to  be  stated  under  its  history,  requires  to  be  attended  to  in 
its  application  as  a mordant,  that  of  its  being  decomposed 
by  heat,  part  of  the  alumina  being  separated,  and  being  re- 

* Annals  dc  Chimie,  tom.  lxxiv.  &c.  Retrospect  of  Discoveries, 
vol,  vii. 
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dissolved  as  the  liquor  cools.  It  should  therefore  not  be 
prepared  or  used  warm. 

The  mordant  thus  prepared,  is  thickened  with  gum  or 
starch  ; or  with  the  mucilage  prepared  from  lichens  scalded 
and  boiled  with  a little  potash.  It  is  applied  by  wooden 
blocks  or  stamps  to  the  parts  of  the  cloth  on  which  the 
figures  cut  in  the  stamp  are  designed  to  be  impressed,  or 
by  a pencil,  if  more  delicate  lines  are  to  be  traced.  1 he 
cloth  is  afterwards  dried  thoroughly,  is  washed  in  warm 
water  to  remove  the  mucilage  and  the  superfluous  mordant, 
and  is  then  dipt  in  the  dye  liquor,  usually  an  infusion  of 
madder ; the  whole  is  dyed,  but  the  parts  which  have  been 
impregnated  with  the  mordant  receive  a brighter  colour 
than  the  part  which  has  not : the  colour,  too,  of  the  former 
is  permanent,  while  that  of  the  latter  is  fugitive.  It  is  dis- 
charged by  boiling  with  substances  having  a w'cak  attrac- 
tion to  the  colouring  matter,  principally  w ith  bran,  and  by 
exposure  on  the  field,  repeating  these  operations  alternately. 
The  ground  of  the  cloth  is  thus  rendered  white,  while  the 
colours  of  the  parts  on  which  the  mordant  has  been  impress- 
ed, representing  the  design  on  the  stamp,  remain  with  little 
alteration. 

This  mordant,  with  madder,  gives  the  various  shades  of 
red;  with  weld  or  quercitron  bark,  the  shades  of  yellow; 
and  with  logwood,  a rich  but  fugitive  purple.  To  diversify 
the  colours,  another  mordant  is  likewise  employed, — the  a- 
cetate  of  iron,  prepared  by  digesting  the  empyreumatic  acid 
obtained  from  the  decomposition  of  wood  with  iron.  With 
madder  or  logwood  it  gives  black,  and  by  dilution,  dif- 
ferent shades  of  purple;  with  weld,  olive,  and  with  quei- 
citron  bark,  brown.  Mixtures  of  these  are  also  made, 
which  give  other  colours. 

This  is  the  most  simple  kind  of  cloth  printing.  M hat 
is  more  difficult  is  to  have  the  ground  coloured,  and  figures 
impressed  on  it  of  a different  colour.  This  is  done  in  the 
following  manner.  After  the  cloth  has  been  permanently 
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dyed,  by  having  been  impregnated  with  the  mordant,  the 
colour  is  discharged  from  certain  parts,  by  stamping  these 
with  a weak  acid  liquor  composed  of  lime-juice,  with  super- 
sulphate of  potash  dissolved  in  it : after  being  washed,  these 
are  again  stamped,  either  with  the  same  hr  with  a different 
mordant,  and  dyed  with  different  materials.  By  combin- 
ing these  methods  too,  and  by  dextrously  applying  to  dif- 
ferent parts  of  the  cloth  different  mordants,  by  stamps 
adapted  to  each  other,  so  as  to  form  a regular  design,  dif- 
ferent colours  are  impressed  either  on  a white  or  coloured 
ground ; and  the  design  is  often  rendered  more  delicate, 
by  the  mordant  being  applied  by  the  pencil  where  the 
block  cannot  easily  be  applied.  The  Turkey  Red  Dye, 
which  is  more  permanent  than  others,  is  discharged  by 
oxymuriatic  acid,  or,  according  to  a method  discovered  by 
Mr  Wilson,  by  oxymuriate  of  alumina,  the  only  oxymu- 
riate  which  has  the  effect  *. 

The  formation  of  the  vegetable  pigments,  or  what  are 
named  Lakes,  affords  another  exemplification  of  the  af- 
finities of  colouring  matter.  The  colour  of  certain  vege- 
tables is  extracted  by  its  proper  solvent,  generally  by  wa- 
ter; and  there  is  added  to  the  solution,  some  substance 
capable  of  attracting  and  combining  with  the  colouring 
matter,  so  as  to  form  a precipitate.  Thus,  if  alum  be  dis- 
solved in  an  infusion  of  brazil  wood,  and  an  alkaline  solu- 
tion be  added,  the  earth  of  the  alum  is  precipitated,  and 
combining  with  the  colouring  matter,  forms  a coloured 
precipitate,  or  lake.  Similar  lakes  are  formed  from  other 
coloured  vegetables,  as  from  quercitron,  turmeric,  &c. 
And  the  most  beautiful  of  them,  carmine,  is  prepared  by 
a similar  process  from  cochineal,  a colouring  substance  of 
animal  origin.  It  is  not  always  necessary  even  that  the 
colouring  matter  should  be  in  a state  of  solution.  Sir  H. 


* Annals  of  Philosophy,  vol.  via.  p.  12-5. 
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Englefield  has  shewn,  that  if  the  colouring  matter  of  mad- 
der be  in  a state  of  suspension  in  boiling  water  in  which 
alum  is  dissolved,  on  adding  carbonate  of  potash  the  alu- 
mina is  precipitated,  and  attracts  the  colouring  matter, 
forming  a rich  lake  *.  Sometimes  metallic  oxides  are  em- 
ployed as  the  basis  of  such  pigments,  particularly  oxide  of 
tin ; muriate  of  tin  being  added  to  the  coloured  infusion, 
and  being  decomposed  by  an  alkali : and  Guyton  has  re- 
commended oxide  of  tungsten,  as  affording  a basis  for  lakes 
superior  to  any  other,  in  the  brightness  and  permanence  of 
the  colour  f . 

The  vegetable  substances  used  in  dyeing  are  extremely 
numerous.  The  colouring  matter  of  the  greater  number 
of  them,  such  as  all  the  woods  and  barks,  appears  to  ap- 
proach to  extract,  and  admits  therefore  of  few  farther  ob- 
servations as  to  their  chemical  history.  Logwood,  the 
wood  of  the  Hsematoxylum  Campechianum,  is  of  a red- 
dish purple  colour,  and  affords  to  water  very  easily  its  co- 
louring matter : it  is  used  principally  for  purple  dyes,  its 
colour  being  modified  by  the  different  mordants ; and  it 
also  enters  into  the  composition  of  the  black  dyes.  Brazil 
wood,  the  wood  of  the  Ccesalpina  crispa,  gives  to  water  a 
bright  red  colour,  and  the  colouring  matter  is  easily  at- 
tracted by  alumina  and  the  metallic  oxides;  the  alkalis  give 
it  a violet  tint,  and  the  acids  precipitate  it  of  a fawn-red 
colour.  From  experiments  on  logwood  and  brazil  wood 
by  Chevreul,  it  appears,  that  their  soluble  matter  consists 
principally  of  colouring  matter  and  tannin,  with  gallic  a- 
cid,  acetates  of  ammonia  and  lime,  acetic  acid,  and  a little 
volatile  oil.  The  same  chemist  has  more  lately  pointed 
out  the  existence  of  a peculiar  crystallizable  substance, 
which  is  deposited  from  the  watery  decoction  of  logwood. 


* Nicholson’s  Journal,  vol.  x.  p.  215. 
t Annales  de  Chimie,  tom.  xxx.  p.  1S5. 
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inspissated  to  a thick  consistence ; and  obtained  in  larger 
quantity,  by  evaporating  the  liquor  to  a dry  extract,  ma- 
cerating it  in  alkohol,  inspissating  this  solution,  and  then 
adding  a little  water.  This  substance  is  of  a rose  colour, 
with  considerable  lustre ; its  solution  in  water  is  oranere-red. 
and  is  changed  by  the  stronger  acids  first  to  a yellow,  and 
then  to  a red : sulphurous  acid,  and  sulphuretted  hydro- 
gen, destroy  the  colour.  It  is  soluble  in  warm  water,  ami 
separates  in  crystalline  scales  by  cooling.  It  is  slowly  pre- 
cipitated by  gelatin  ; and  in  the  state  in  which  it  exists  in 
logwood  with  a peculiar  extractive  matter,  is  immediately 
copiously  precipitated.  Chevreul  has  named  it  Haema- 
tine  *. 

Madder,  the  root  of  the  Rubia  tinctorum,  is  another  red 
dye,  the  colouring  matter  of  which  is  extracted,  though 
rather  partially,  by  water,  and  of  different  shades,  in  re- 
peated macerations,  so  that  at  length  it  gives  only  a fawn 
colour  ; and  even  after  these  infusions,  it  retains  much  co- 
. louring  matter,  which  may  be  extracted  by  the  action  of 
an  alkali.  Alum  forms  in  its  infusions  a brownish  red  pre- 
cipitate ; and  the  remaining  liquor,  when  an  alkaline  car- 
bonate is  added  to  it,  gives  a blood-red  precipitate,  which 
by  an  excess  of  alkali  is  re-dissolved.  It  is  much  used 
both  in  dyeing  and  calico-printing,  giving  numerous  shades 
of  red,  as  it  is  combined  with  different  mordants.  Quer- 
citron is  the  internal  bark  of  the  Quercus  nigra  : it  yields 
its  colour,  which  is  yellow,  by  infusion  to  water,  and  with 
the  common  mordants  gives  a permanent  dye.  It  is  much 
used  as  a substitute  for  Weld,  the  stalks  of  the  Reseda  lu- 
teola,  which  were  formerly  used  to  furnish  a yellow’  dye, 
being  combined  with  alum  and  tartar  as  mordants,  and 
which  also  was  sometimes  combined  with  madder,  to  obtain 


* Annales  de  Chimie,  tom.  lxvi.  lxxxi.  or  Retrospect  of  Dis- 
coveries, vol.  vi.  p.  88.  viii.  p.  145. 
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orange  and  other  shades.  Fustic,  the  wood  of  the  Morus 
tinctoria,  affords  another  yellow  dye  : its  decoction  in  wa- 
ter is  of  a reddish  yellow  colour,  and  it  gives  a yellow  dye 
to  cloth,  which,  even  without  the  aid  of  mordants,  is  per- 
manent; by  the  use  of  alum,  tartar,  and  muriate  of  tin, 
the  colour  is  rendered  brighter.  Sumach,  the  shoots  ol 
the  Rhus  coriaria,  is  used  for  giving  a fawn  colour,  which 
it  does  when  merely  boiled  in  water.  With  acetate  of  a- 
lumina,  it  gives  a yellow;  and  as  it  contains  a portion  ol 
tannin,  it  enters  sometimes  into  the  composition  of  the 
black  dyes,  and  is  used  as  a mordant,  to  modify  other  co- 
lours, or  render  them  permanent. 

Annota  is  prepared  from  the  seeds  of  the  Bixa  orellana, 
by  bruising  them,  and  keeping  them  in  water  until  they  fer- 
ment. A colouring  matter  is  formed,  of  an  orange  colour, 
which  is  dried.  It  is  not  perfectly  soluble  in  water,  but 
forms,  by  infusion  or  decoction,  a liquor  of  a yellowish  red 
colour,  and  turbid  : the  addition  of  an  alkali  renders  it 
more  soluble,  and  gives  it  a bright  orange-yellow  colour. 
Acids  form  with  this  liquor  an  orange-coloured  precipitate ; 
and  a solution  of  alum  forms  an  orange  precipitate  still 
deeper  in  the  colour.  Annota  is  more  soluble  in  alkohol 
than  in  water  ; and  hence  it  sometimes  enters  into  the  com- 
position of  coloured  varnishes.  In  dyeing  it  is  always 
mixed  with  an  alkali. 

From  different  species  of  lichen,  is  prepared  the  colour- 
inn-  matter  known  under  the  names  of  Archil  and  Litmus, 

O . 

so  useful  to  chemists,  as  the  most  delicate  test  of  acidity. 
There  is  some  degree  of  obscurity  with  regard  to  these. 
Archil  is  said  to  be  obtained  from  the  Lichen  rocella,  and 
Lichen  paretlus ; but  other  species  afford  a similar  sub- 
stance. The  plant  is  reduced  to  powder ; a quantity  ol 
the  potash  or  soda  of  commerce  is  added  to  it ; and  it  is 
moistened  with  urine,  and  kept  moist  by  successive  addi- 
tions, for  some  time;  it  ferments,  and  gradually  acquires 
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a blue  or  violet  colour ; it  is  then  dried  *.  Litmus  or 
Turnsole  is  the  same  substance,  apparently  in  a more  pure 
state : it  has  been  said  to  be  prepared  from  the  juice  of  the 
Heliotropium  tricoceum,  or  the  Croton  tinctorium,  with 
which  linen  rags  are  impregnated,  and  which  are  after- 
wards reduced  into  a kind  of  paste,  containing,  according 
to  Fourcroy,  soda,  according  to  Chaptal,  calcareous  earth 
and  potash.  The  latter  chemist  has  remarked,  that  its  co- 
louring* matter  is  of  the  same  nature  as  Archil.  The  co- 
louring  matter  is  extracted  by  water ; the  infusion  is  of  a 
purple  colour ; if  it  be  kept  secluded  completely  from  the 
air,  the  colour  entirely  disappears  ; but  it  is  quickly  renew- 
ed when  the  air  is  admitted.  It  is  also  soluble  in  alkohol, 
and  in  this  solution  exhibits  the  same  phenomenon.  It  is 
instantly  reddened  by  the  weakest  acid  liquor ; and  hence 
the  watery  infusion  of  it,  or  paper  stained  with  this,  af- 
fords a very  delicate  test.  The  purple  tint  appears  to  a- 
rise  from  the  operation  of  a very  minute  quantity  of  alkali 
in  the  preparation  of  the  litmus,  and  ihe  effect  of  an  acid  is 
to  remove  this.  Its  colour  is  therefore  not  much  deepen- 
ed by  the  alkalis.  In  dyeing  it  communicates  only  fugi- 
tive colours,  and  hence  is  used  only  in  modifying  or  heigh- 
tening others  that  have  more  permanence. 


Sect.  XXXII.— or  aroma,  acrid  principle,  hitter 

PRINCIPLE.  NARCOTIC  PRINCIPLE,  &C. 

I place  these  principles  under  one  section,  and  at  the 
close  of  the  history  of  vegetable  substances,  as  their  exist- 
ence, though  maintained  by  some  modern  chemists,  ap- 
pears to  be  doubtful.  The  sensible  qualities  from  which 


* Nicholson’s  Journal,  4to,  vol.  ii.  p.  oil. 
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their  names  and  distinctive  characters  are  derived,  are  such 
as  mav  belong  to  any  of  the  known  vegetable  principles, 
and  are  indeed  possessed  by  those  of  the  most  opposite 
kind;  and  it  is  an  unphilosophical  hypothesis  to  assume, 
that  there  are  distinct  principles  in  which  they  reside.  As 
such  principles,  however,  have  been  supposed  to  exist, 
and  as  with  regard  to  some  of  them  there  are  facts  which 
to  a certain  extent  favour  the  opinion,  it  may  be  necessary, 
in  concluding  the  history  of  the  vegetable  substances,  to 
state  the  observations  or  the  reasonings  which  have  been 
connected  with  this  subject. 

Ar  oma.  This  has  been  considered  as  the  Principle  of 
Odour  in  vegetables.  The  essential  oils  of  plants  gene- 
rally possess  their  flavour ; but  many  vegetables  which 
smell  strongly  yield  little  essential  oil ; and  the  oil,  when 
it  is  obtained,  has  not  that  strong  odour  we  should  expect, 
did  that  of  the  plant  depend  on  it.  This  is  the  case 
with  the  violet,  jessamine,  and  many  other  odoriferous 
flowers.  It  was  also  observed,  that  if  such  vegetables  be 
placed  in  water,  and  exposed  to  a gentle  heat,  not  suffi- 
cient to  volatilize  their  essential  oil,  they  are  deprived  of 
their  smell,  which  is  transferred  to  the  water,  when  the 
operation  is  performed  in  close  vessels.  The  essential  oils, 
too,  always  lose  much  of  their  odour  from  exposure  to  the 
air,  though  little  of  the  oil  itself  is  dissipated.  And,  last- 
ly, it  has  sometimes  happened,  that  the  atmosphere  around 
odoriferous  plants  has  not  only  had  their  odour  difliised 
through  it,  but  received  such  an  impregnation  of  inflam- 
mable elastic  fluid,  as  to  have  kindled  on  the  approach  of 
an  ignited  body.  From  such  facts  it  was  inferred,  by 
some  of  the  older  chemists,  that  there  exists  in  vegetables 
a principle  in  which  their  odour  resides ; that  this  is  ca- 
pable ol  being  combined  with  their  other  principles,  and 
in  particular  with  their  essential  oils,  to  which  it  commu- 
nicates the  odour  of  the  plant.  By  Boerhaave  it  was 
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named  Spiritus  Rector  of  vegetables ; and  in  framing  the 
modern  nomenclature,  it  received  the  denomination  oi  A- 
ronia. 

The  observations  of  Fourcroyon  this  subject  * are  just. 
The  faculty  wf  exciting  the  sensation  of  odour,  is  a quality 
which  may  belong  10  any  kind  of  matter,  and  which  does 
belong  to  many  substances,  as  ammonia,  sulphur  and  its 
compounds,  and  many  others,  in  which  we  cannot  suppose 
the  existence  of  any  common  principle  on  which  it  de- 
pends. There  is  no  reason  to  suppose  but  that  it  may 
exist  in  vegetable  products,  without  being  attached  to  such 
a principle  in  them  ; and  all  the  facts  from  which  the  ex- 
istence of  it  has  been  inferred,  admit  of  explanation,  on 
the  supposition  that  the  odour  resides  in  the  essential  oil, 
which  is  sufficiently  volatile  to  be  dissipated  at  a moderate 
temperature,  which  may  be  diffused  in  atmospheric  air,  or 
dissolved  by  it,  and  which,  suffering  chemical  changes 
from  exposure  to  the  atmosphere,  is  deprived  of  much  of 
its  smell.  At  the  same  time,  the  odour  may  sometimes  re- 
side in  other  proximate  principles;  and  indeed  the  greater 
number  of  these  may  be  distinguished  by  a smell  in  gene- 
ral faint,  but  perceptible. 


Acrid  principle.  The  existence  of  a principle  of  this 
kind  has  been  inferred  from  a few  facts  with  regard  to  a- 
crid  plants.  It  has  been  found,  that  several  vegetables  are 
in  their  recent  state  extremely  acrid  to  the  taste,  and  dis^ 
play  this  acrimony  in  the  irritation  and  inflammation  which 
they  occasion  when  applied  to  the  skin.  Such  are  the 
roots  of  the  Scilla  maritima,  Colchicum  autumnale,  Bryo- 
nia alba,  and  Arum  maculatum,  and  the  leaves  of  the  A- 
nemone  nemorosa,  and  of  the  Clematis  erecta.  Yet  they 


* Annales  de  Chimie,  tom.  xxvi.  p.  252. 
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lose  this  acrimony  on  being  dried,  while  their  other  active 
powers  frequently  remain.  From  some  of  these  plants, 
too,  this  principle  is  communicated  to  water  or  alkohol  by 
distillation,  though  no  other  property  but  the  acrimony  is 
conveyed : in  others  again,  as  in  squill,  according  to  Vo- 
gel, it  is  not  obtained  in  the  distilled  water,  but  is  lost  by 
decomposition  at  the  boiling  temperature  : the  acrid  prin- 
ciple of  this  root  he  farther  found  to  be  equally  soluble  in 
water  and  in  alkohol  *.  There  appears  some  reason,  from 
these  facts,  to  admit  the  conclusion  that  has  been  drawn  f, 
that  there  exists  a volatile  principle  in  these  plants  diffe- 
rent from  an  essential  oil,  in  which  their  acrimony  resides. 
If  its  existence  shall  be  considered  as  probable,  however, 
it  has  never  been  obtained  so  as  to  be  submitted  to  chemi- 
cal  examination.  From  some  experiments  by  Einliof  on 
the  acrid  principle  of  Horse-radish,  it  appeared  to  have 
the  properties  of  an  essential  oil,  being  odorous,  volatile, 
soluble  in  alkohol,  and  sparingly  soluble  in  water 


Narcotic  principle.  The  existence  of  such  a prin- 
ciple lias  been  inferred  from  facts  similar  to  those  on  which 
that  of  an  acrid  principle  has  been  supposed  to  be  establish- 
ed. Many  narcotic  plants  suffer  a diminution  in  their 
power  from  age,  and  are  rendered  inert  by  decoction  in 
waiter.  In  some  cases,  the  distilled  w^ater,  as  for  example 
that  from  the  leaves  of  the  cherry-laurel,  (Prunus  lauro- 
cerasus),  has  a narcotic  power  ; in  other  cases  it  has  none. 

These  facts  are  inconclusive.  The  injury  which  some 
®f  these  plants  sustain  from  decoction,  while,  at  the  same 


* Annales  de  Chimie,  tom.  lxxxiii. 

i Gren,  Principles  of  Chemistry,  vol.  i.  p.  20.  Hermbstaedt, 
Medical  and  Physical  Journal,  vol.  i. 

| Nicholson’s  Journal,  vol.  xxvi,  p.  111. 
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time,  their  powers  are  not  communicated  to  the  water  dis- 
tilled from  them,  is  probably  to  be  ascribed  not  to  the  dis- 
sipation of  a volatile  principle,  but  to  changes  which  its 
principles  suffer,  principally  to  the  oxygenation  ol  its  ex- 
tractive matter.  And  where  the  narcotic  power  is  com-* 
municated  to  water  by  distillation,  it  appears  to  be  proved, 
that  this  depends  on  the  presence  of  the  Prussic  acid. 
This  acid  has  been  discovered,  as  has  been  already  stated, 
(page  302.),  in  the  cherry -laurel,  the  bitter  almond,  and 
other  plants  possessed  of  narcotic  power:  and  it  has  also  been 
found,  that  the  prussic  acid,  in  its  pure  state,  is  narcotic. 
But  there  is  no  reason  to  presume  that  it  exists  in  other 
narcotics ; and  none  therefore  to  infer,  that  it  is  the  nar- 
cotic principle. 


Bitter  principle.  It  has  been  supposed  by  some  che- 
mists, that  a principle  exists  in  some  of  the  vegetable  bit- 
ters, in  which  their  bitterness  resides.  The  properties, 
however,  that  have  been  assigned  to  it,  particularly  its 
equal  solubility  in  wrater  and  in  alkohol,  and  its  precipita- 
tion by  certain  re-agents,  appear  to  prove,  that  what  has 
been  considered  as  such  is  a variety  of  extract  slightly 
modified,  perhaps  by  intermixture  with  other  principles. 
Were  even  its  existence  established,  the  name  given  to  it, 
implying  that  it  is  the  principle  of  bitterness,  can  with  no 
propriety  be  assigned  to  it,  since  many  substances  possess 
this  quality,  in  which  it  lias  not  been  proved  to  exist. 

A peculiar  substance,  artificially  formed  from  certain 
vegetable  and  animal  products,  has  been  named  Bitter 
Principle.  There  is  no  reason,  however,  to  believe  that 
it  is  naturally  formed,  or  that  it  exists  as  a vegetable  prin- 
ciple; as  a product  of  the  action  of  nitric  acid  on  indigo, 
it  has  been  already  considered. 
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Principle  in  Asparagus.  Asparagin.  The  notice  of 
this  I may  place  under  this  section,  as  its  nature  is  not 
well  determined.  It  was  discovered  by  Robiquet  and  Vau- 
quelin  in  the  juice  of  Asparagus.  When  the  expressed 
recent  juice  is  concentrated  by  evaporation,  crystals  are 
deposited  from  it,  of  which  some  are  white  and  transpa- 
rent, have  a taste  rather  nauseous,  are  hard  and  brittle ; 
the  others,  though  equally  white,  are  not  so  transparent 
or  hard ; they  have  a saccharine  taste,  and  their  crystal- 
line form  is  different : this  Vauquelin  regards  as  a variety 
of  sugar  or  manna;  the  other  he  considers  as  a new  sub- 
stance; the  following  are  the  properties  which  he  has  ob- 
served to  belong  to  it.  It  is  soluble  in  water,  and  its  so- 
lution gives  no  indication  of  acidity  or  alkalinity;  re-agents 
do  not  discover  in  it  the  presence  of  any  alkaline  or  earthy 
base;  it  is  not  therefore  a neutral  salt.  It  is  not  solu- 
ble in  alkohol ; nor  does  it  suffer  any  change  from  infu- 
sion of  galls,  acetate  of  lead,  oxalate  of  ammonia,  muriate 
of  barytes,  or  hydro-sulphuret  of  potash.  Nitric  acid  de- 
composes it ; nitric  oxide  gas  is  disengaged,  and  the  liquor 
assumes  a yellow  colour  and  bitter  taste,  and  yields  am- 
monia: it  is  decomposed  by  heat,  exhales  during  this  de- 
composition pungent  vapours,  which  irritate  the  eyes  and 
nostrils,  and  the  smell  exhaled  is  analogous  to  that  from 
animal  substances  : it  leaves  a charcoal,  which  on  incine- 
ration gives  a very  imperceptible  trace  of  earth.  From 
these  results,  it  appears  to  be  a compound  of  carbon,  hy- 
drogen, oxygen,  and  nitrogen,  and,  from  yielding  ammo- 
nia, and  affording  bitter  matter  wdien  acted  on  by  nitric 
acid,  to  be  similar, in  composition  to  animal  substances  *. 


* Philosophical  Magazine,  vol.  xxvi.  p.  2S9. 
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CHAP.  III. 

OF  THE  SPONTANEOUS  CHEMICAL  CHANGES  AND  DECOMPO- 
SITION OF  VEGETABLE  SUBSTANCES. 


i.  HE  changes  of  composition  to  which  the  vegetable  prin- 
ciples are  liable  from  the  chemical  actions  of  other  sub- 
stances, are  in  a great  measure  peculiar  with  regard  to  each, 
as  are  also  the  changes  they  suffer  from  the  application  of 
heat ; they  have  therefore  been  noticed  under  their  indivi- 
dual history.  But,  besides  these,  they  are  liable  to  spon- 
taneous changes  of  composition,  at  natural  temperatures, 
arising  chiefly  from  the  re-action  of  their  constituent  ele- 
ments. These,  as  being  more  general,  are  to  be  the  sub- 
jects of  consideration  under  the  present  chapter. 

1 he  term  Fermentation  has  been  employed  by  chemists 
to  denote  an  extensive  series  of  changes  of  this  kind,  in 
which  there  is  an  intestine  motion  of  the  parts  of  the  body, 
and  which  gives  rise  to  new  products  ; and  as  this  general 
process  varies  in  its  phenomena  and  results,  according  to 
the  circumstances  under  which  it  happens,  or  the  nature 
of  the  vegetable  matter  subjected  to  it,  three  species  of  it 
have  been  distinguished, — the  Vinous,  the  product  of  which 
is  vinous  spirit ; the  Acetous,  which  produces  acetous  acid 
or  vinegar;  and  the  Putrefactive,  in  which  the  elements 
pass  off  in  new  combinations  in  the  aerial  form.  These 
may  be  considered  under  different  sections. 


VOL.  IV. 
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Sect.  I. — of  the  vinous  fermentation. 

Boerhaave  appears  first  to  have  distinguished  fermen- 
tation into  the  three  species  of  vinous,  acetous,  and  putre- 
factive. He  supposed  that  they  succeed  each  other  in  an 
invariable  order,  that  the  vinous  always  precedes  the  ace- 
tous, and  that  this  precedes  the  putrefactive. 

This  opinion  is  so  far  just,  that  there  are  substances 
which  undergo  these  successive  changes.  Many  weak  vi- 
nous liquors,  by  a continuance  of  the  fermentative  process, 
become  sour,  or  form  vinegar  ; and  vinegar  undergoes  de- 
composition, forms  a mould,  or  passes  into  a species  ol 
putrefaction.  But  the  three  kinds  of  fermentation  do  not 
invariably  succeed  each  other.  Many  vegetable  substances 
become  sour,  which  do  not  previously  assume  any  vinous 
state  ; and  a still  greater  number  undergo  that  decompo- 
sition analogous  to  putrefaction,  without  having  passed 
through  the  other  stages  of  fermentation.  When  they  do 
succeed  one  another,  however,  the  vinous  precedes  the 
others ; and  it  never  succeeds  them. 

The  following  are  the  phenomena  which  occur  during 
the  vinous  fermentation.  The  liquor  becomes  turbid  ; a 
kind  of  intestine  agitation  takes  place  ; a quantity  of  aerial 
fluid  is  disengaged,  which  is  partly  entangled  by  the  liquid, 
and  with  its  impurities  forms  a scum  on  its  surface;  the 
quantity  of  this  continues  to  increase;  the  volume  is  aug- 
mented ; and  the  temperature  is  raised  a number  of  de- 
grees. The  gas  thus  disengaged  is  carbonic  acid,  and  its 
extrication  continues  until  the  end  of  the  process,  more  or 
less  rapidly,  according  to  the  nature  of  the  fermenting  li- 
quor, and  as  it  is  more  or  less  favoured  by  circumstances. 
It  appears  to  be  impregnated  with  part  of  the  principles 
of  the  fermenting  liquor.  Chaptal  observed,  that  water 
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which  had  imbibed  it  by  being  placed  in  a vessel  in  the 
atmosphere  above  a fermenting  liquor,  on  being  kept  for 
a month  in  open  vessels,  is  converted  into  vinegar,  a floccu- 
lent  matter  being  deposited  ; proving,  as  he  remarked, 
that  the  carbonic  acid  gas  had  carried  with  it  a little  al- 
kohol  and  extractive  matter  *. 

According  to  the  experiments  of  Fourcroy  and  Vauque- 
lin,  related  in  their  Memoir  on  Fermentation  f,  the  car- 
bonic acid  gas  is  frequently  mixed  with  hydrogen,  when  it 
is  disengaged  during  the  fermentation  of  the  wort  of  malted 
barley,  w'ithout  yeast,  at  a temperature  of  80.  The  wort 
of  the  brewers,  in  fermenting,  afforded,  however,  only  car- 
bonic acid  ; and  the  hydrogen,  therefore,  must  have  been 
derived  from  the  fecula  of  the  grain. 

After  a certain  time,  a few  days  if  the  quantity  of  liquor 
is  considerable,  the  disengagement  of  gas  and  the  intestine 
motion  to  which  this  gives  rise  begin  to  cease,  and  the  li- 
quor recovers  its  transparency.  If  now  examined,  it  is 
found  entirely  changed  in  its  qualities  ; it  has  lost  its  bland, 
or  sweet  taste,  has  become  pungent,  acquired  a peculiar 
odour,  and  is  capable  of  acting  more  powerfully  on  the  liv- 
ing system,  producing  excitement  and  exhilaration. 

This  process  is  independent  of  any  action  of  the  air. 
It  can  be  carried  on  in  close  vessels,  when  the  carbonic 
acid  gas  is  allowed  to  escape  by  a bent  tube  terminating  in 
water.  In  this  situation,  however,  the  fermentation  pro- 
ceeds, as  Chaptal  has  remarked,  more  slowly  than  when 
the  vessels  are  imperfectly  closed,  being  retarded  probably 
by  the  pressure  of  the  gas;  and  hence  the  necessity,  in 
conducting  fermentation  on  a large  scale,  of  admitting  a 
communication  with  the  atmosphere.  Too  free  an  expo- 
sure is  prejudicial,  as  it  occasions  a waste  of  alkohol  and 


* Annales  de  Chimie,  tom.  xxxvi.  p.  27. 
t Annales  du  Museum  National,  tom.  vii.  p.  ](j.  or  Transla- 
tion of  the  Memoir,  Philosophical  Magazine,  vol.  xxv. 

Y 2 


OP  VINOUS  FERMENTATION. 


aroma  *.  If  the  air  be  excluded,  while  the  gas  formed 
during  the  fermentation  is  allowed  to  escape,  Mr  Collier 
has  shewn  by  experiment,  that  the  liquor  is  stronger  than 
when  fermented  in  open  vessels  f.  This  independence, 
however,  of  fermentation  of  the  air,  is  to  be  understood 
with  some  limitation.  It  holds  true  with  regard  to  some 
substances,  but  not  to  others.  Gay  Lussac  has  remarked, 
that  sugar,  with  the  addition  of  the  yeast  of  beer,  fer- 
ments readily,  though  the  air  be  not  admitted.  But  he 
found,  that  the  must  or  juice  of  the  grape  does  not  fer- 
ment, if  the  air  has  been  entirely  excluded  ; and  farther, 
on  exciting  fermentation  in  it  by  the  admission  of  air,  the 
oxygen  is  consumed,  carbonic  acid  being  formed.  He 
inferred  from  this  fact,  that  the  ferment,  or  principle  which 
excites  fermentation  in  the  juice  of  the  grape,  is  different 
from  yeast,  which  excites  that  process  in  sugar,  and  that 
the  action  of  oxygen  is  necessary  to  communicate  to  it 
that  power.  In  conformity  to  this  he  found,  that  the  ad- 
mission of  oxygen  is  necessary  only  to  the  commencement, 
not  to  the  continuance  of  the  fermentation ; and  it  is  sin- 
gular how  small  a portion  is  sufficient  to  produce  the  ef- 
fect. He  selected  a bottle  of  grape  juice,  that  had  been 
kept  a year  in  a close  vessel,  and  was  perfectly  limpid  ; 
poured  it  into  another  bottle,  which  was  then  corked  tight, 
and  exposed  to  the  proper  temperature  for  fermentation  : 
in  a week  fermentation  had  taken  place,  and  it  was  soon 
converted  into  a vinous  liquor.  He  subjected  another 
bottle  of  the  same  juice,  which  had  been  kept  for  a year 
like  the  other,  but  which  had  not  been  opened,  to  the  same 
temperature,  and  it  suffered  no  change.  With  gooseberry 
juice  he  obtained  the  same  results.  When  a juice  suscep- 
tible of  fermentation  has  been  exposed  to  the  air,  so  that 
it  would  ferment  if  left  to  itself,  if  it  be  exposed  to  the 
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heat  of  boiling  water  in  a vessel  well  closed,  it  becomes 
turbid,  and  a sediment  is  deposited,  and  alter  this  it  is  no 
longer  capable  of  fermenting,  until  again  exposed  to  oxy- 
gen. And  by  repeated  heating  at  intervals  fermentation 
may  be  prevented,  even  though  the  air  has  been  admitted 
each  time.  Hence  the  rationale  of  the  process  of  Appert, 
of  counteracting  fermentation  and  putrefaction  in  many 
vegetable  and  animal  substances  by  heating  them  to  212°, 
and  completely  excluding  the  air  #. 

Of  the  vegetable  proximate  principles,  saccharine  mat- 
ter is  that  which  passes  with  most  facility  into  the  vinous 
fermentation ; and  fermented  liquors  are  more  or  less 
strong,  as  the  juices  from  which  they  have  been  formed 
have  contained  a greater  or  less  proportion  of  sugar.  The 
sugar  in  fruits  usually  exists  in  that  state  which  forms  the 
uncrystallizable  variety,  already  described,  (page  118.),  of 
which  grape  sugar  is  an  example,  and  which  passes  more 
readily  into  fermentation  than  pure  sugar,  so  much  so  in- 
deed, that  it  undergoes  that  process  spontaneously.  Pure 
crystallized  sugar,  however,  can  also  be  rendered  capable 
of  fermentation  with  the  aid  of  a ferment ; and  when  add- 
ed to  the  juices  of  the  fruits  which  afford  fermented  liquors, 
it  gives  a more  highly  vinous  product. 

Certain  circumstances  are  necessary  to  cause  fermenta- 
tion to  continue  and  proceed.  These  are  a due  degree  of 
dilution  in  the  liquor ; a certain  temperature  ; and  the  pre- 
sence of  substances  which  favour  the  subversion  of  the 
equilibrium  of  affinities  by  which  the  principles  of  the  sac- 
charine matter  would  be  retained  in  union,  or  at  least 
would  be  prevented  from  entering  into  those  combinations 
necessary  to  form  vinous  spirit.  These  substances  arc 
named  Ferments. 

ls£,  A certain  proportion  of  water  to  the  matter  suscep- 
tible of  fermentation  is  requisite.  If  the  latter  is  in  large 
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quantity  proportioned  to  the  water,  the  fermentation  does 
not  commence  easily,  nor  proceed  so  quickly ; on  the  other 
hand,  too  large  a proportion  of  water  is  injurious,  as  caus- 
ing the  fermented  liquor  to  pass  speedily  into  the  acetous 
fermentation.  The  proportions  employed  by  Lavoisier  in 
his  experiments  on  fermentation,  were  four  parts  ot  water 
to  one  of  saccharine  matter. 

2d,  A certain  temperature  is  not  less  essential.  At  a 
temperature  lower  than  50°  of  Fahrenheit,  fermentation 
scarcely  commences,  or,  if  it  has  begun,  proceeds  slowly ; 
and  if  the  temperature  be  reduced  to  32°,  it  is  entirely 
checked.  It  proceeds  too  rapidly  when  the  temperature 
is  much  above  55°,  and  requires  to  be  checked  to  prevent 
. it  from  passing  into  the  acetous  stage. 

Lastly,  Certain  substances  are  necessary  to  excite  fer- 
mentation. It  has  been  stated,  indeed,  that  sugar  alone, 
dissolved  in  a certain  quantity  of  water,  and  placed  in  a 
certain  temperature,  will  ferment,  but  it  is  doubtful  if  this 
happens  with  a solution  of  pure  sugar;  any  change  which 
is  observed,  is  imperfect  and  irregular  : nor  does  the  liquor 
become  vinous,  but  rather  sour. 

The  substance  usually  added,  where  an  addition  is  re- 
quisite to  excite  fermentation,  is  Yeast, — the  scum  which 
is  collected  on  the  surface,  as  well  as  the  sediment  formed 
from  liquors  already  in  a state  of  fermentation.  This  add- 
ed to  a solution  of  pure  sugar,  causes  it  to  ferment,  and  to 
pass  into  a vinous  liquor.  The  same  substance  must  be 
present  in  the  juices  of  fruits  which  are  capable  of  sponta- 
neous fermentation,  and  also  in  the  nutritive  grains,  as  in- 
fusions of  these,  after  malting,  arc  capable  without  yeast 
of  passing,  though  less  rapidly,  into  fermentation. 

What  is  the  nature  of  the  matter  which  thus  excites  fer- 
mentation, is  a question  which  has  often  been  the  subject 
of  investigation,  and  it  is  only  lately  that  some  light  has 
been  thrown  upon  it. 

Lavoisier,  in  his  experiments  on  fermentation,  remark- 
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ed,  that  the  matter  of  yeast  is  a compound  of  carbon,  hy- 
drogen, oxygen,  and  nitrogen.  From  the  researches  of 
Fabroni,  Thenard,  and  Seguin,  it  is  proved,  that  it  is  a 
substance  analogous  to  gluten  or  albumen,  which  is  derived 
from  those  vegetable  juices  or  infusions  that  without  any 
addition  are  capable  of  fermenting. 

Fabroni  found,  that  saccharine  matter  does  not  ferment 
alone,  but  only  by  the  aid  of  another  substance : — the  glu- 
tinous or  vegeto- animal  matter,  which  exists  in  the  nutri- 
tive grains,  and  which,  as  he  stated,  is  also  contained  in 
the  grape,  and  is  deposited  from  its  juice.  When  the  de- 
position is  complete,  or  rather  when  the  glutinous  matter 
is  perfectly  separated  by  repeated  filtrations,  the  juice  does 
not  ferment,  but  the  sediment,  when  mixed  with  a sub- 
stance susceptible  of  fermentation,  causes  it  to  pass  into 
this  state.  The  glutinous  part  of  wheat  appears,  from  some 
of  Fabroni’s  experiments,  to  be  capable  of  producing, 
either  on  the  must  of  the  grape  deprived  of  its  sediment, 
or  on  an  artificial  mixture,  the  same  effect  as  the  sediment 
of  the  must,  except  that  the  fermentation  is  more  slowly 
established,  and  requires  a higher  temperature  and  the 
concurrence  of  tartar ; the  last,  as  Berthollet  has  remark- 
ed, probably  proving  useful  from  the  solubility  which  its 
acid  communicates  to  the  gluten.  He  accordingly  found, 
that  a mixture  of  sugar  and  gluten  entered  into  fermenta- 
tion, by  adding  a little  tartar  to  it.  It  is  this  vegeto-ani- 
mal  matter,  according  to  Fabroni,  which  principally  con- 
stitutes the  yeast  of  wine  or  beer : and  Rouelle  long  ago 
found,  that  the  sediment  deposited  from  wines  in  fermen- 
tation is  of  this  nature,  as  it  affords  much  ammonia  when 
decomposed  #. 

Thenard  had  undertaken  the  investigation  of  this  sub- 
ject. Since  the  juices  of  certain  fruits  ferment  without  the 
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necessity  of  yeast,  he  directed  his  attention  to  these,  to 
discover  the  principle  they  contained,  which  promotes  the 
fermentation  of  their  saccharine  matter.  He  selected  the 
juice  of  the  gooseberry,  which  is  very  susceptible  of  fer- 
mentation. Having  pressed  it  through  a linen  doth,  it 
remained  turbid,  and  held  in  suspension  a slight  glutinous 
matter,  which  was  separated  by  filtration  and  washed  with 
water.  This  substance,  added  to  a solution  of  sugar, 
caused  it  to  pass  into  the  vinous  fermentation.  Yet  after 
having  produced  this  effect,  it  still  remained,  according  to 
Ihenard,  insipid,  insoluble  in  water  and  in  alkohol,  and 
no  farther  altered,  except  that  on  being  subjected  to  de- 
structive distillation,  it  afforded  no  trace  of  ammonia.  It 
appears  to  exist  in  large  quantity  in  the  juice  of  the  goose- 
berry, in  perfect  solution  ; for  when  the  juice  had  been 
filtered,  on  placing  it  at  the  proper  temperature,  it  fer- 
mented, and  during  the  fermentation  lost  its  transparency, 
and  threw  down  a sediment.  This  when  examined  was 
found  to  be  glutinous  and  insipid  : thrown  on  red  hot  fuel, 
it  burnt  like  animal  matter : distilled,  it  afforded  carbonate 
of  ammonia:  added  to  a solution  of  sugar,  it  caused  it  to 
ferment  rapidly.  It  appeared  therefore  to  be  a substance 
analogous  to  the  yeast  of  beer.  The  same  substance  he 
found  to  be  deposited  from  the  juices  of  the  grape,  the 
cherry,  apple,  pear,  and  other  fruits,  during  their  fermen- 
tation, and  those  which  afforded  the  largest  quantity  of  it 
were  those  which  run  most  quickly  into  the  vinous  fermen- 
tation. It  is  always  deposited,  too,  as  their  fermentation 
proceeds;  and  a sediment  of  yeast  always  appears,  accord- 
ing to  Thenard,  when  alkohol  is  formed. 

To  this  substance  he  gave  the  name  of  Ferment : it  is 
tasteless,  does  not  change  the  vegetable  colours  : by  drying 
it  loses  three-fourths  of  its  weight,  from  the  dissipation  of 
water;  tlnjs  dried,  it  is  still  capable  of  exciting  fermenta- 
tion, and  may  be  preserved  in  this  state  for  an  indefinite 
time.  It  is  so  little  soluble  in  wat£r,  that  the  water,  after 
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standing  over  it  for  several  hours,  on  being  filtered,  exerts 
no  action  upon  sugar.  It  is  decomposed  by  diluted  nitric 
acid,  is  converted  into  a fatty  matter,  nitrogen  and  car- 
bonic acid  gases  being  evolved.  Potash  acts  upon  it  as  it 
does  on  animal  substances,  forms  a kind  ot  soap,  and  causes 
an  evolution  ol  ammonia.  In  its  humid  state  it  is  liable 
to  putrefaction,  and  it  affords  the  products  of  animal  mat- 
ter when  decomposed  by  heat,  the  proportion  of  carbon 
being  large.  From  8 parts,  Thenard  obtained,  by  de- 
structive distillation,  1.61  of  water,  1.31  of  oil,  and  1.46 
of  muriate  of  ammonia  on  adding  muriatic  acid.  The 
elastic  fluid  disengaged,  amounting  to  0.33,  consisted  of 
carbonic  acid,  and  carburetted  hydrogen  or  carbonic  ox- 
ide, and  the  residuum  amounted  to  2.83  of  charcoal  *. 

These  researches  leave  a degree  of  obscurity  with  regard 
to  this  principle,  whether  it  is  a peculiar  one,  or  whether 
it  is  merely  vegetable  gluten,  as  Fabroni  had  suggested, 
and  as  several  of  its  properties  appear  to  indicate.  There 
appears  reason  to  adopt  the  latter  opinion,  more  especially 
as  the  analysis  by  Fourcroy  and  Vauquelin  of  the  nutri- 
tive grains  f has  shewn  that  gluten  is  not  only  contained 
in  wheat,  but  likewise  in  barley,  a grain  very  susceptible 
of  fermentation. 

Seguin  affirmed,  that  albumen,  whether  vegetable  or 
animal,  is  the  true  ferment.  He  had  discovered  it  in  large 

O 

quantity  in  those  vegetable  juices  which  pass  into  the  vi- 
nous fermentation  without  yeast : he  affirms,  that  when 
deprived  of  it,  they  became  incapable  of  fermenting,  apd 
that  having  added  to  saccharine  matter  this  principle,  it 
fermented,  and  yeast  was  deposited.  Fie  adds,  that  ani- 
mal albumen,  as  the  white  of  an  egg,  has  the  same  effect. 
Boerhaave  long  ago  placed  this  substance  among  the  sub- 
stances which  excite  fermentation.  According  to  Fabro- 
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ni,  however,  neither  the  albumen  of  the  egg,  the  insoluble 
part  of  the  animal  fibre,  nor  glue,  has  the  piopeity  oi  ex- 
citing fermentation. 

Proust  has  supposed,  that  the  liquid  sugar  of  fruits,  and 
that  formed  from  the  nutritive  grains  by  malting  fruits, 
different  in  its  nature,  as  has  already  been  remarked, 
(page  119.),  from  crystallized  sugar,  is  susceptible  ol  ler- 
mentation  without  the  presence  of  any  other  matter.  Put 
this  is  doubtful.  A portion  of  foreign  matter  seems  al- 
ways to  exist  in  both  these  cases,  which  is  deposited  as 
the  fermentation  proceeds,  and  is  capable  ol  exciting  fei- 
mentation  in  a saccharine  liquor. 

It  has  been  supposed,  that  no  substance  enters  into  the 
vinous  fermentation  except  sugar.  The  nutritive  grains, 
indeed,  afford  fermented  liquors ; but  they  arc  subjected 
to  the  previous  operation  of  malting,  in  which  the  fecula 
of  the  grain  is  by  the  process  of  germination  converted  in- 
to saccharine  matter ; and  this  was  held  indispensible  to 
render  them  susceptible  of  fermentation.  1 he  practice, 
however,  of  the  spirit-distillers  of  this  country,  pio\es  that 
this  is  a mistake.  They  have  been  accustomed  to  add  to 
the  malted  grain,  which  they  ferment  with  the  view  of  ob- 
taining a spirituous  liquor,  a proportion  of  grain  which 
has  not  been  malted,  but  merely  mashed , or  ground  to 
powder  and  infused  in  warm  water ; and  the  proportion  of 
this  has  been  gradually  increased,  so  as  to  exceed  that  of 
malted  grain.  The  infusion  from  this  mixture  ferments 
with  yeast,  and  affords  a liquor  pungent  and  spirituous. 

The  practicability  of  fermenting  from  unmalted  grain, 
and  the  practice  itself,  though  scarcely  taken  notice  of  by 
chemists,  appear  to  have  been  known  in  this  country  for 
a considerable  time.  It  is  mentioned  by  Dr  Irvine  in  an 
essay  on  fermentation,  read  before  a literary  society  at 
Glasgow  in  1 785.  He  observes,  that  not  only  is  saccharine 
matter  susceptible  of  fermentation,  but  the  farinaceous  and 
mucilaginous  parts  of  vegetables  have  a share  in  producing 
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this  effect.  In  their  pure  state,  they  can  neither  be  chang- 
ed into  wine  nor  vinegar;  but,  when  mixed  with  a little 
sweet  matter,  they  ferment  together,  and  may  either  change 
wholly  into  wine,  or  wholly  into  vinegar,  according  to  the 
proportion  of  sweet  matter  mixed  with  them:  if  the  quan- 
tity of  sweet  matter  be  great,  the  farinaceous  parts  are 
changed  into  the  same  wine  with  the  sweet  part : if  the 
quantity  of  saccharine  matter  is  small,  the  whole  becomes 
vinegar,  and  has  little  appearance  of  ever  having  been  in 
the  vinous  state.  Thus,  a quantity  of  meal  from  wheat, 
barley,  or  oats,  whose  greatest  part  is  farinaceous,  when 
mixed  with  water,  becomes  by  fermentation  a little  acid, 
but  seems  never  to  acquire  any  of  the  properties  of  wine. 
If  the  same  meal  be  mixed  with  a quantity  of  sugar,  or 
any  other  sweet  matter,  it  falls  into  the  vinous  state,  and 
the  quantity  of  spirit  produced  is  much  greater  than  the 
sweet  matter  alone  would  have  furnished.  He  then  re- 
marks, that  the  farinaceous  substance  of  seeds  is  converted 
into  sweet  matter  by  germination,  and  that  many  have 
supposed,  that  the  powers  of  vegetation  only  can  produce 
this  change.  “ Certainly,  however,”  continues  he,  “ the 
powers  of  vegetable  life  are  no  way  concerned,  or  neces- 
sary to  it.  It  is  not  during  the  growth  only  of  the  seed 
that  this  change  can  be  effected  ; but  a quantity  of  the 
sweet  matter  produced  by  the  growth  of  the  seed,  mixed 
with  a quantity  of  the  same  seed  ground  into  powder,  and 
the  whole  mixed  with  the  proper  quantity  of  water,  will 
all  become  sweet,  and  fall  afterwards  into  vinous  fermen- 
tation, and  be  changed  into  spirits,  in  the  same  manner  as 
if  the  whole  had  been  previously  altered  by  the  vegeta- 
tion of  the  seed.  Were  it  not  for  this  property  of  the 
farina,  great  loss  would  frequently  be  sustained  bv  the 
farmers  in  unfavourable  seasons ; grain  that  has  once  be- 
gun to  grow,  and  whose  vegetation  has  been  stopped,  can 
never  be  made  to  grow  again.  Such  grain  can  never  un- 
dergo any  farther  malting : when  grain  has  been  made  to 
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grow  in  this  improper  manner,  it  can  hardly  be  supposed, 
that  the  change  into  saccharine  matter  is  perfect  or  com- 
plete. It  therefore  would  be  less  proper  for  the  vinous 
fermentation,  and  would  furnish  a smaller  quantity  of  spirit 
than  grain  which  had  been  perfectly  malted.  This  grain, 
however,  when  mixed  with  a quantity  of  perfect  malt,  and 
fermented,  furnishes  as  much  spirit  as  if  the  whole  had 
been  in  the  state  of  malt  *.  The  persons  in  this  trade 
even  prefer  it  to  an  equal  quantity  of  malt ; for  in  good 
seasons,  when  no  such  half  malted  or  halt  spoiled  giain 
can  be  got,  they  take  good  grain,  reduce  it  to  meal,  and 
mix  it  with  their  malt,  and  are  satisfied  that  they  obtain 
more  spirits  in  this  way  than  from  an  equal  quantity  of 
good  malt  f.” 

That  fecula  alone  even,  or  at  least  mixed  with  no  more 
saccharine  matter  than  what  is  contained  in  the  grain, 
may  be  made  to  ferment,  is  established  by  the  experiments 
of  Fourcroy  and  Vauquelin.  Six  pounds  of  unmalted 
bruised  barley  being  treated  with  alkohol,  furnished  one 
ounce  two  drachms  of  sugar  ; the  same  quantity  of  malted 
barley,  treated  in  the  same  manner,  afforded  four  ounces 
five  drachms.  Twenty-four  pounds  of  the  flour  of  the  un- 
malted barley  having  been  put  into  a vat  with  seven  times 
its  weight  of  warm  water,  and  four  pounds  of  yeast,  enter- 
ed into  strong  fermentation,  which  continued  seven  days. 
The  liquor  at  the  end  of  that  time  submitted  to  distilla- 
tion gave  a weak  spirit,  which  by  rectification  afforded 
alkohol.  The  quantity  amounted  to  twenty-three  ounces. 
Now  Lavoisier  had  established,  that  100  parts  of  sugar 
give  58  of  alkohol ; and  as  the  24-  lbs.  of  umnalted  bai  ley 
contained  only  five  ounces  of  sugar,  it  follows,  that  four 


* This  is  doubtful  : it  is  stated  from  the  practice  of  the  spirit 
distillers,  that  the  product  of  spirit  is  rather  larger  from  malted 
jrrain,  than  from  a mixture  of  malt  and  raw  grain. 
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times  more  alkohol  had  been  formed  than  that  sugar  could 
have  furnished ; a large  quantity  of  it  had  therefore  been 
formed  from  the  fecula  in  the  grain.  Twenty-four  pounds 
of  malted  barley  bruised  having  been  fermented,  under 
the  same  circumstances  as  in  the  preceding  experiment, 
presented  the  same  phenomena,  the  proportion  of  alkohol 
being  three  times  greater  than  could  have  been  formed 
from  the  sugar  in  this  barley  *. 

As  fecula  consists  of  the  same  principles  as  sugar,  differ- 
ing only  in  the  proportions,  it  is  not  difficult  to  admit,  that 
it  may  be  brought  into  fermentation,  and  may  afford  ulti- 
mately the  same  products  as  saccharine  matter,  though  it 
is  also  possible,  that  the  fecula  may  proceed  rapidly  through 
the  state  of  sugar,  in  passing  into  the  vinous  fermentation ; 
and  it  would  appear  to  do  so,  if  the  observation  ol  Dr  Ir- 
vine be  correct,  that  when  the  flour  of  unmalted  grain  is 
mixed  with  a quantity  that  has  been  malted,  the  whole, 
mixed  with  water,  becomes  sweet.  According  to  a late 
statement  by  Kirchoff,  fecula  passes  into  sugar  by  the  ac- 
tion of  the  gluten  of  flour,  when  they  are  dissolved  in 
water.  He  found,  that  pure  starch  infused  in  hot  water 
does  not  become  saccharine  ; neither  does  gluten  suffer  this 
change  when  treated  in  the  same  way.  But  if  a mixture 
of  starch  and  gluten  be  infused  in  hot  water,  the  starch  is 
converted  into  sugar : a portion  of  acid  is  evolved ; the 
greater  part  of  the  gluten  apparently  remains,  but  it  does 
not  again  produce  the  same  change  f. 

Our  knowledge  of  the  series  of  chemical  changes  which 
constitute  vinous  fermentation,  is  imperfect.  Some  essen- 
tial facts  connected  with  it  were  established  by  Lavoisier, 
but  the  theory  he  gave  is  not  altogether  just. 

The  properties  of  the  fermented  liquor,  its  odour,  pun- 
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gency,  and  intoxicating  quality,  are  owing  to  the  presence 
of  a principle,  which  can  be  separated  from  it  by  distilla- 
tion, and  which,  in  a pure  state,  possesses  these  qualities 
in  a higher  degree.  It  constitutes,  in  the  state  ol  dilution 
in  which  it  is  obtained  by  distillation,  vinous  spirit,  or,  as 
obtained  from  different  fermented  liquors,  horn  which  it 
derives  peculiarities  of  taste  and  flavour,  the  spiritous  li- 
quors of  commerce.  These,  by  certain  processes,  afford 
it  pure:  in  this  state,  it  is  the  Spirit  ol  W ine  of  the  older 
chemists,  the  Alkohol  of  the  modern  nomenclature. 

To  ascertain  the  changes  which  happen  during  fermen- 
tation, Lavoisier,  instead  of  operating  on  the  sweet  vege- 
table juices,  the  exact  analysis  of  which  is  difficult,  dis- 
solved a quantity  of  sugar  in  water,  and  caused  the  solu- 
tion to  ferment,  by  the  addition  of  yeast.  He  found  rea- 
son to  conclude,  that  the  water  of  the  fermenting  liquid  is 
not  decomposed  ; nor  is  the  presence  ol  the  air  necessary 
to  the  process.  Since  the  only  products  are  the  carbonic 
acid  gas  which  is  disengaged,  and  the  alkohol  contained 
in  the  fermented  liquor,  it  follows  that  these  must  be  de- 
rived from  the  decomposition  ol  the  saccharine  matter.  In 
fermentation,  therefore,  he  inferred,  that  part  ol  the  oxy- 
o'en  and  carbon  of  the  sugar  combine  and  lorm  carbonic 
acid  ; and  its  hydrogen,  with  the  remaining  oxygen  and 
carbon,  form  the  alkohol.  “ Its  effects  on  sugar  are  re- 
duced to  the  mere  separation  ol  its  elements  into  two  por- 
tions ; one  part  is  oxygenated  at  the  expence  of  the  other, 
so  as  to  form  carbonic  acid,  while  the  other  part  being  dis- 
oxvgenated  in  favour  of  the  former,  is  converted  into  the 

v O 

combustible  substance  called  Alkohol 

It  follows  from  Lavoisier’s  experiments,  that  100  parts 
of  sugar  require  about  75  of  yeast,  deducting  the  water 
which  is  foreign  to  it ; that  this  produces  a little  more  than 
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35  parts  of  carbonic  acid,  and  that  nearly  53  parts  ol  al- 
kohol  are  obtained  by  distillation,  about  2 parts  of  acetic 
acid  and  4 of  extract  remaining. 

Independent  of  objections  which  may  be  made  to  the  de- 
tails of  this  theory,  from  the  uncertainty  of  the  composition 
of  the  substances  concerned,  so  far  as  relates  to  the  pro- 
portions of  their  elements ; an  error  was  committed  by  La- 
voisier, which  affects  the  general  theory,  in  not  attending 
sufficiently  to  the  operation  of  the  ferment  or  yeast.  This 
he  regarded  as  serving  merely  to  excite  fermentation,  and 
as  remaining  the  same  at  its  termination  as  at  its  com- 
mencement ; but  he  did  not  prove  this,  nor  did  he  explain 
in  what  manner  it  produced  this  effect. 

Fabroni  supposed  that  the  ferment  operates  by  its  car- 
bon attracting  part  of  the  oxygen  of  the  sugar,  forming 
the  carbonic  acid  disengaged ; while  the  remaining  sugar 
partially  de-oxidated,  enters  into  combination  with  its  hy- 
drogen and  nitrogen,  and  forms  the  vinous  or  fermented 
liquor,  or  gives  to  it  at  least  its  pungency  and  intoxicating 
quality.  Of  this  theory,  however,  no  proofs  are  given,  in 
the  abstract  of  Fabroni’s  opinion  by  Fourcroy  *. 

Thenard  proposed  a view  somewhat  similar.  Fie  mixed 
a quantity  of  ferment  with  five  times  its  weight  of  sugar, 
and  added  water  : fermentation  commenced,  and,  in  four 
or  five  days,  the  saccharine  matter  had  disappeared,  and 
the  liquor,  on  distillation,  afforded  diluted  alkohol.  The 
residue,  after  the  distillation,  was  evaporated  to  dryness, 
and  a substance  obtained,  nauseous,  slightly  acid,  and 
feebly  attracting  moisture.  The  nature  of  the  acid  could 
not  be  determined,  but,  according  to  Lavoisier,  it  is  the 
acetous  which  is  obtained  in  such  an  experiment.  Lastly, 
of  the  ferment  there  remained  two-thirds,  but  this  Thenard 
was  surprised  to  find  afforded  much  less  ammonia  by  dis- 
tillation than  the  original  ferment.  From  this  fact,  which 
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appeared  to  indicate  that  part  of  its  nitrogen  had  been  ab- 
stracted, he  concluded,  that  by  mixing  it  anew  with  su- 
gar, fermentation  would  take  place,  and  all  the  nitrogen 
would  disappear.  This  accordingly  happened  : at  the 
end  of  seven  days,  the  liquor  being  filtered,  a residuum 
was  obtained,  which  gave  no  trace  of  ammonia.  It  seem- 
ed possible,  that  the  nitrogen  thus  disappearing  during 
fermentation,  might  be  carried  off  by  the  carbonic  acid 
gas ; but,  on  collecting  this,  no  nitrogen  gas  was  mixed 
with  it.  Since  it  is  not  contained  either  in  the  gas  which 
escapes,  or  in  the  residuum,  it  must  have  entered  into  the 
composition  of  the  fermented  liquor.  \ et  he  could  not 
discover  it  in  the  alkohol,  the  essential  product  of  the  fer- 
mentation, when  he  subjected  it  to  various  modes  of  ana- 
lysis with  this  view.  Still  he  concluded,  that  it  must  exist 
in  it;  and  the  theory  which  he  inferred  from  these  facts  is, 
that  all  the  carbonic  acid  disengaged  does  not  proceed 
from  the  decomposition  of  the  sugar : the  first  portions  of 
it  he  assumes  are  formed  from  a combination  of  the  carbon 
of  the  ferment  with  the  oxygen  of  the  sugar  ; and  the  fer- 
ment excites  fermentation,  by  producing  this  change ; the 
equilibrium  of  affinities  between  the  elements  of  the  sugar 
being  broken,  gives  rise  to  their  combination,  so  as  to  form 
carbonic  acid  and  alkohol : even  a part  ol  the  hydrogen  of 
the  ferment,  he  supposes,  attracts  part  of  the  oxygen  of 
the  sugar ; and  its  nitrogen  probably  enters,  with  the  re- 
maining elements  of  the  sugar,  into  the  composition  of  the 
alkohol.  The  other  principles  of  the  ferment  not  expend- 
ed in  these  combinations,  form,  he  supposes,  the  small 
quantity  of  acetic  acid,  and  the  insoluble  matter  which  is 
precipitated.  In  confirmation  of  these  views,  he  farther 
states,  that  ferment  has  a strong  attraction  to  oxygen  ; that, 
it  absorbs  it  from  the  atmosphere,  and  forms  carbonic  and 
acetic  acids,  the  nitrogen  being  disengaged 
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Seguin  gave  a very  different  view  of  the  theory  of  fer- 
mentation. He  supposes,  that  water  is  decomposed  ; that 
its  oxygen  unites  with  the  carbon  of  the  ferment,  and  pro- 
duces carbonic  acid  ; while  its  hydrogen  combines  with  the 
sugar,  and  converts  it  into  alkohoL*.  The  objection  to 
this  theory,  as  Thenard  remarked,  is,  that  more  alkohol 
ought  to  be  obtained  than  there  was  sugar ; whereas  little 
more  than  half  its  weight  is  produced.  And  besides,  the 
carbon  of  the  ferment  cannot  be  supposed  to  furnish  all 
the  caibonic  acid  that  is  disengaged  ; nor  does  alkohol 
contain  so  large  a portion  of  oxygen  as  sugar. 

It  is  obvious,  that  the  tacts  are  not  sufficiently  ascertain- 
ed to  admit  of  any  certain  conclusions,  much  less  of  a per- 
fect theory,  since,  amid  the  obscurity  which  still  prevails, 
various  suppositions,  a priori , may  be  formed  as  to  the  re- 
ciprocal actions  ot  substances,  the  elements  of  which  are 
so  much  disposed  to  mutual  combinations,  as  those  con- 
cerned in  fermentation ; and  the  subject  must  be  elucidat- 
ed  by  farther  research.  I he  general  result,  how’ever,  ap- 
pears to  be,  as  Lavoisier  pointed  out,  the  abstraction  of 
much  ot  the  carbon  and  oxygen  ot  the  saccharine  matter 
in  the  formation  of  carbonic  acid,  and  hence  the  predo- 
minance of  hydrogen  in  alkohol.  Gay  Lussac  considers 
fermentation  as  merely  the  resolution  of  sugar,  by  new 
combinations  ot  its  elements,  into  alkohol  and  carbonic 
acid.  Sugar  consists  of  oxygen  and  hydrogen,  in  the  pro- 
portion which  forms  water,  with  carbon;  the  proportions 
being,  as  he  expresses  it,  equal  volumes  of  the  vapour  of 
water,  and  vapour  of  carbon  ; that  is,  3 volumes  vapour 
of  carbon,  3 volumes  hydrogen,  and  1^  oxygen.  Alko- 
hol consists  of  equal  volumes  of  olefiant  gas  and  watery 
vapour;  that  is,  2 volumes  vapour  of  carbon,  3 volumes 
of  hydrogen,  and  \ volume  of  oxygen.  1 volume  of  the 
vapour  of  carbon  combines  with  1 volume  of  oxygen  gas, 
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to  form  1 volume  ol  carbonic  acid  ; and  tlieie  thus  remain 
the  2 volumes  of  vapour  of  carbon,  3 volumes  oi  hydro- 
gen, and  i volume  of  oxygen,  to  form  alkohol.  Reduc- 
ing these  proportions  to  weight,  100  ol  sugar  will  be  re- 
solved into  48.66  of  carbonic  acid,  and  51.34  of  alkohol 
By  the  process  ol  fermentation,  liquors  are  formed  pos- 
sessed of  an  intoxicating  quality,  but  differing  from  each 
other  in  their  vinous  strength,  their  taste,  flavour,  and  other 
qualities,— differences  owing  partly  to  the  circumstances 
under  which  the  fermentation  has  been  conducted,  but 
more  to  the  substances  from  which  they  have  been  form- 
ed. They  may  be  arranged  under  two  divisions, — what 
are  named  Wines,  formed  by  fermentation  from  the  sweet 
juices  of  fruits,  and  the  various  kinds  of  Ale  or  Beer,  lorm- 
ed  from  the  nutritive  grains,  previously  subjected  to  the 
process  of  germination  or  malting. 

The  juice  of  the  grape  affords  a wine  much  superior  to 
any  other.  It  is  highly  saccharine,  without  much  acid, 
or  matter  liable  to  afford  acid ; its  flavour  is  agreeable, 
and  it  contains  the  principle  necessary  to  excite  fermenta- 
tion. Hence  it  passes  readily  into  that  state,  and  afloids 
a rich  vinous  liquor.  Numerous  varieties  oi  wines  are 
formed  from  the  grape,  modified  by  climate,  soil,  and  cul- 
ture, in  consequence  ol  which  it  is  moreorless  saccharine, 
and  intermixed  with  other  principles  from  which  it  de- 
rives flavour  and  other  qualities.  1 he  product  is  not  less 
influenced  by  the  manner  in  which  the  fermentation  is  con- 
ducted ; whether  it  has  been  rapid  or  slow,  whether  the 
air  has  been  freely  admitted,  and  the  gas  allowed  to  escape 
freely,  or  the  reverse  ; or  whether  it  has  been  checked  be- 
fore it  has  been  completed.  Hence  the  distinction  of  sweet 
wines,  or  those  containing  a portion  of  sacchaimc  matter  ; 
of  strong  and  spirituous  wines,  in  which  a rich  juice  has 
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been  completely  fermented,  so  as  to  furnish  a large  pro- 
portion ot  alkohol ; of  sparkling  wines,  in  which  a quan- 
tity of  carbonic  acid  is  retained  by  the  manner  in  which 
the  fermentation  has  been  conducted  ; and  rouoh  or  as- 
tringent  wines,  in  which  some  astringent  matter  originally 
contained  in  the  fruit  is  retained.  Wines  too  differ  great- 
ly in  their  flavour,  which  is  derived  from  the  grape,  and 
in  the  different  wines  is  varied  by  the  mixture  of  different 
varieties  of  grapes.  The  colour  of  wines  is  derived,  not 
from  the  juice,  but  from  the  external  pellicle  of  the  fruit : 
hence  colourless  wines  are  prepared  from  the  red  grape, 
by  expressing  the  juice  carefully,  and  allowing  none  of  the 
husks  to  remain  mixed  with  it;  while,  by  an  opposite 
practice,  or  by  macerating  the  juice,  while  fermenting,  on 
the  husks,  colour  is  communicated.  All  wines  contain  a 
portion  of  super-tartrate  of  potash  derived  from  the  juice? 
this  they  deposite  slowly,  in  the  gradual  fermentation  they 
suffer  in  the  cask  ; and  to  this,  as  well  as  to  other  changes 
produced  by  this  slow  fermentation,  is  owing  the  improve- 
ment of  wine  from  age. 

Wines  are  formed  from  other  fruits,  as  from  the  cur- 
rant, apple,  pear,  &c.  The  juices  of  the  currant,  goose- 
berry, &c.  contain  too  large  a proportion  of  acid,  and  too 
little  saccharine  matter,  to  furnish  wine  equal  to  that  from 
the  grape,  but  are  improved  by  adding  sugar  to  the  juice, 
before  fermentation.  The  great  deficiency  in  these  vi- 
nous liquors,  independent  of  their  flavour  being  inferior 
to  that  of  the  grape,  is  the  redundance  of  acid,  which  is 
only  imperfectly  concealed  by  the  addition  of  sugar.  This 
is  owing,  as  Dr  Macculloch  has  remarked,  to  the  acid 
contained  in  these  fruits  being  principally  the  malic,  while 
in  the  grape  it  is  the  tartaric,  in  the  state  of  super  tartrate 
of  potash.  The  former  remains  soluble,  and  it  does  not 
appear  to  suffer  decomposition  in  the  fermentation ; the 
latter,  there  is  some  reason  to  believe,  is  in  part  decom- 
posed, and  at  least  much  of  it  is  deposited  in  the  state  of 
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super-tartrate  of  potash,  as  the  fermentation  proceeds, 
from  its  inferior  solubility  in  the  vinous  liquor.  Some  ad- 
vantage appears  to  be  derived  from  adding  tartar  to  the 
juices  of  these  fruits,  in  fermenting  them.  Various  me- 
thods have  been  employed  to  improve  these  wines,  ©t 
which  the  principal  are  adding  sugar,  and  a portion  of 
brandy.  The  former,  however,  serves  merely  to  conceal 
the  acid ; the  latter  has  been  supposed  to  obviate  acescen- 
cy,  but,  from  Dr  Macculloch’s  observations,  it  appears  to 
have  no  such  effect ; and  to  whatever  wine  it  is  added, 
whether  that  of  the  grape  or  other  fruits,  it  proves  inju- 
rious to  the  taste  and  flavour,  and  to  the  effects  on  the 
stomach  and  system.  Cyder,  from  the  juice  ot  the  apple, 
and  perry  from  that  of  the  pear,  retain  a large  quantity  oi 
carbonic  acid,  which  communicates  pungency  and  a spark- 
ling quality.  There  also  remains  in  these  liquors  extrac- 
tive matter  or  mucilage,  which  renders  them  liable  to  pass 
into  the  acetous  fermentation. 

The  other  fermented  liquors,  are  those  from  barley  and 
other  grains,  forming  the  different  varieties  ot  ale  and  beer. 
In  the  preparation  of  these,  the  grain  is  steeped  in  water 
for  50  or  60  hours,  by  which  the  husk  is  softened,  and  a 
portion  is  imbibed  by  its  substance.  1 he  water  is  run  off, 
and  the  moistened  grain  is  spread  on  the  floor  ot  a cham- 
ber, to  the  depth  of  10  or  12  inches:  and  sometimes  to 
accelerate  the  process  or  carry  it  farther,  it  is  sprinkled 
with  water ; the  light  too  is  in  a great  measure  excluded. 
It  begins  to  germinate,  absorbs  oxygen,  and  gives  out  car- 
bonic acid  : in  consequence  ot  this  chemical  action  the 
temperature  rises ; and  to  prevent  it  from  rising  too  high, 
as  well  as  to  render  the  process  as  uniform  as  possible 
through  the  whole  grain,  it  is  turned  up,  and  is  gradually 
spread  into  a thinner  heap.  The  germ,  in  the  course  of 
this  operation,  unfolds,  the  fibres  ot  the  radicle  shoot  out, 
and  the  plumula  gradually  elongates,  forming  what  the 
brewers  call  the  Acrospire.  The  progress  of  the  process 
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is  known  by  the  extent  of  this  elongation,  which  is  per- 
mitted to  go  on  for  a longer  or  shorter  time  according  to 
the  quality  of  the  grain,  and  the  kind  of  fermented  liquor 
that  is  to  be  formed ; if  it  is  not  sufficiently  advanced,  the 
liquor,  it  is  supposed,  is  liable  to  become  acescent ; if  it 
is  allowed  to  advance  too  far,  much  of  the  saccharine  mat- 
ter is  consumed.  But  considerable  difference  of  opinion 
has  prevailed  as  to  the  period  at  which  it  ought  to  be 
checked  : the  malted  grain  is  stated  to  be  of  best  quality 
when  the  acrospire  proceeds  two-thirds  through  the  grain, 
though  it  has  been  the  practice  to  carry  on  the  process  un- 
til it  is  farther  advanced.  When  it  is  to  be  checked,  the 
grain  is  dried  by  the  heat  of  a kiln,  which  is  raised  gra- 
dually, and  which  for  different  purposes  is  raised  to  diffe- 
rent degrees. 

The  grain,  after  having  been  malted,  is  freed  from  the 
small  projecting  shoots,  and  is  ground  to  coarse  powder 
in  a mill,  or  crushed  between  rollers.  This  is  infused  in 
warm  water  in  the  mashing  tun  : the  temperature  at  which 
this  is  to  be  used  is  of  importance,  since,  if  not  sufficiently 
high,  the  saccharine  matter  is  not  properly  extracted, 
while  if  too  high,  the  farina  becomes  pulpy;  the  tempera- 
ture at  which  the  waler  is  generally  used  for  the  first  infu- 
sion, is  between  160°  and  170°.  This,  after  a few  hours 
maceration,  is  drawn  off,  and  a fresh  quantity  added. 
These  liquids  form  the  wort : this,  previous  to  its  fermen- 
tation, is  boiled  with  some  bitter  vegetable,  generally  hops, 
but  frequently  also  other  bitter  herbs ; the  advantage  of 
which,  besides  the  flavour  and  taste  which  it  communi- 
cates, is  to  check  the  tendency  of  the  liquor  to  acescency. 
When  the  temperature  has  subsided,  a portion  of  yeast  is 
added,  by  which  fermentation  is  sooner  excited ; this,  after 
it  has  continued  a certain  time,  is  checked  before  it  is 
complete,  and  the  liquor  is  drawn  off.  In  this  manner 
are  formed  the  different  kinds  of  beer,  ale,  and  porter  ; 
the  process  being  varied  with  regard  to  each  of  these,  and 
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different  additions  being  made  besides  the  malted  grain. 
They  are  weaker  than  wines,  and  from  this,  as  well  as  trorn 
the  portion  of  mucilaginous  and  extractive  matter  which 
they  contain,  are  more  liable  to  become  acescent ; but  they 
are  possessed  of  the  same  general  qualities,  agree  in  the 
effects  they  produce  on  the  animal  system,  and  afford  a 
portion  of  alkohol  by  distillation.  I heir  narcotic  power 
is  often  increased  by  the  addition  ot  certain  substances, 
and  is  greater,  therefore,  than  is  proportioned  to  their 
strength  as  vinous  liquors  : and  it  is  somewhat  modified  by 
the  bitter  matter  which  the  stronger  kinds  of  them  contain. 

The  process  of  malting  is  obviously  nothing  more  than 
germination  artificially  excited,  with  the  view  ot  convert- 
ing the  fecula  into  saccharine  matter,  the  theory  ot  which 
has  been  already  considered,  (page  35.).  It  appears,  how- 
ever, that  the  whole  fecula  does  not  suffer  this  change ; a 
portion  of  it  still  remains  in  the  grain,  which  may  even 
be  extracted  from  it  pure ; and  which,  Dobereiner,  in  his 
researches  on  this  subject,  has  remarked  *,  is  white,  bril- 
liant, and  possessed  of  the  physical  characters  of  starch 
from  the  natural  grains.  Its  chemical  properties,  how- 
ever, are  somewhat  different.  It  is  soluble  in  water  at  a 
temperature  from  150  to  160  of  Fahrenheit,  while  natural 
starch  requires  for  its  solution  a temperature  from  185  to 
195.  The  solution  of  the  former,  with  the  addition  of 
yeast,  scarcely  ferments,  or  suffers  much  change  at  a tem- 
perature from  75°  to  85°,  but  if  a little  sugar  is  added  to 
it,  it  soon  passes  into  a strong  fermentation ; the  watery 
solution  of  the  latter  readily  ferments,  when  it  is  mixed 
with  yeast,  at  a temperature  of  75°.  When  the  fecula, 
however,  of  the  malted  grain  is  extracted  by  infusion,  a- 
long  with  the  sugar  and  gluten  which  the  grain  also  con- 
tains, it  suffers  some  modification  from  these,  as  it  forms 
a solution  which  is  liquid,  and  which  does  not  become  gc- 


* Anuales  do  Cliinne,  tom.  xc.  p.  29. 
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latinous.  It  also  undergoes  some  change  in  the  subse- 
quent operation  of  the  drying  and  torrefaction  of  the  malt- 
ed grain  ; fecula  by  roasting,  it  has  been  already  stated,  is 
rendered  more  soluble  in  cold  water,  and  this  appears  to 
be  the  case  also  in  the  fecula  of  malted  grain.  Doberei- 
ner  accordingly  states,  that  a portion  of  starch  is  always 
to  be  found  dissolved  in  malt  liquors,  which  probably  adds 
to  their  nutritive  quality.  It  is  this  also  in  part  which 
renders  them  liable  to  acidity. 

The  saccharine  product  formed  by  the  changes  which 
the  fecula  suffers  in  malting,  it  has  already  been  remark- 
ed, (page  98.),  is  not  pure  sugar ; it  is  inferior  in  sweet- 
ness, and  cannot  be  rendered  concrete,  but  forms  by 
evaporation  of  its  solution  a viscid  mass.  It  is  therefore 
analogous  to  the  sugar  of  the  grape. 

From  fermented  liquors,  spirituous  liquors  are  obtained 
by  distillation.  Brandy,  the  purest  of  these,  is  obtained 
by  distillation  from  wine:  Rum,  from  the  fermented  juice 
of  the  sugar  cane  : and  from  the  different  grains,  what  is 
named  Malt  Spirit  is  formed.  In  this  country,  to  prepare 
the  last  of  these,  the  liquor  fermented  from  the  mixture  of 
malted  and  unmalted  grain  is  subjected  to  distillation,  and 
the  product  is  rendered  stronger  and  purer  by  distilling  it 
a second  time.  The  peculiar  flavour  of  these  spirituous 
liquors,  depends  probably  on  a small  portion  of  essential 
oil,  derived  from  the  vegetable  matter  from  which  they 
have  been  prepared,  and  not  altogether  changed  by  the 
fermentation.  Scheele  remarked,  that  when  the  spirit 
from  malted  grain  is  exposed  to  intense  cold,  a white  sedi- 
ment is  deposited,  which  when  heated  melts  like  oil,  and 
added  to  pure  brandy  gives  it  the  unpleasant  flavour  of  re- 
cent malt  spirit.  Koerteand  Gehlen  have  made  some  ex- 
periments on  this  substance.  They  found  it  in  the  first 
distilled  product  of  the  wash  from  fermented  grain  in  a- 
bundance,  rendering  it  milky,  and  gradually  separating  on 
the  surface.  Its  taste  and  flavour  are  nauseous.  It  eva- 
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porates  in  the  atmosphere,  gives  a greasy  stain  to  paper, 
is  soluble  in  alkohol,  but  not  in  water.  They  consider  it 
as  a product  of  tbe  fermentation  of  grain  *. 

The  art  of  obtaining,  by  distillation,  spirituous  from  fer- 
mented liquors,  was  unknown  to  the  ancients.  It  is  sup- 
posed to  have  been  discovered  by  tbe  Arabians,  and  was 
practised  during  the  dark  ages.  The  method  of  rectify- 
ing these,  so  as  to  obtain  Alkohol,  was  known  to  some  of 
the  earlier  alchemists. 

It  was  generally  supposed,  that  the  alkohol  produced  by 
distillation  from  fermented  liquors  pre-exists  in  them,  and  is 
merely  separated  by  the  heat ; a conclusion  founded  on  the 
similarity  in  the  action  of  wine  and  of  alkohol  on  the  liv- 
ing system,  and  on  the  consideration  of  the  very  moderate 
heat  required  to  draw  off  the  spirit,  not  sufficient  appa- 
rently to  produce  any  new  combination,  l abroni  main- 
tained the  opinion,  which  had  been  before  suggested,  that 
the  spirit  is  formed  from  the  principles  of  the  fermented 
liquor  during  the  distillation  ; and  supported  this  by  the 
result  of  experiments,  in  which  alkohol  added  to  wine 
could  be  recovered  from  it,  but  no  additional  portion  pro- 
cured. The  experiment  by  which  this  is  established,  is  to 
take  fresh  wine  with  which  one-hundredth  part  of  alkohol 
has  been  mixed,  and  to  add  to  this  as  much  potash  as  is 
found  by  a previous  experiment  to  be  necessary  to  preci- 
pitate the  resinous  colouring  residue.  It  is  then  strained 
and  put  into  a glass  tube  graduated  into  100  equal  parts, 
and  as  much  potash  is  added  as  it  can  dissolve.  The  hun- 
dredth of  alkohol  which  had  been  added,  will  rise,  and 
swim  on  the  surface  of  the  alkaline  solution,  of  the  same 
degree  of  strength  that  had  been  added,  if  the  experiment 
is  performed  sufficiently  quickly  to  lose  nothing  by  evapo- 
ration. “ Now,  if  by  this  means,”  says  Fabroni,  “ I pro- 
cure only  the  same  quantity  of  alkohol  from  the  wine  that 


* Annales  dc  Chimic,  tom.  lxxxi. 
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I knew  it  contained  before,  and  no  more,  it  appears  to  me, 
that  I have  a right  to  conclude,  that  that  which  I obtain 
from  the  same  wine  by  distillation,  did  not  exist  in  it  be- 
fore, but  that  it  is  the  operation  of  distillation  which  forms 
it.”  He  adds,  that  by  the  same  method  he  could  not  dis- 
cover in  new  wine  any  alkohol,  though  he  could  obtain 
from  it  20  or  25  parts  of  brandy  in  100  by  distillation  *. 

Admitting  the  accuracy  of  these  facts,  the  conclusion 
does  not  follow ; for  the  alkohol  formed  durum  the  fer- 
mentation  may  be  in  more  intimate  combination  with  the 
principles  of  the  wine,  than  a portion  of  alkohol  newly  add- 
ed and  immediately  operated  on  will  be.  But  Mr  Brande, 
in  repeating  these  experiments,  did  not  obtain  the  same  re- 
sults. Pie  found,  that  the  other  ingredients  of  the  wine 
prevented  the  separation  of  the  spirit  from  it  by  the  action 
of  an  alkali ; and  when  alkohol  was  added  to  wine  in  pro- 
portions much  larger  than  that  stated  by  Fabroni,  no  por- 
tion of  it  was  obtained  by  the  addition  of  sub-carbonate  of 
potash ; it  was  only  when  so  large  a proportion  as  one  to 
three  was  employed,  that  there  was  any  separation,  and 
even  then  it  was  very  imperfect.  It  is  evident,  therefore, 
that  supposing  alkohol  to  pre-exist  in  wine,  it  cannot  be 
expected  to  be  obtained  in  this  mode.  Mr  Brande  after- 
wards discovered  a method  by  which  it  is  detected.  Pie 
found,  that  by  the  addition  of  acetate  or  sub-acetate  of 
lead  to  wine,  a dense  insoluble  precipitate  is  formed,  con- 
sisting of  a combination  of  the  metallic  oxide  with  the  acid 
and  the  colouring  extractive  matter  of  the  wine,  and  a 
colourless  fluid  remains,  containing  alkohol,  water,  and 
the  acid  of  the  metallic  salt.  On  adding  to  this,  sub-car- 
bonate of  potash,  the  alkohol  can  be  procured,  and  this 
even  in  as  large  a quantity  as  can  be  obtained  by  distilla- 


* ^ Annales  tie  Cliimie,  tom.  xxxi.  p.  505. 
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tion  *.  Thus  to  eight  measures  of  port  wine,  one  part, 
by  measure  of  a concentrated  solution  of  sub-acetate  of 
lead,  was  added : the  filtered  liquor  was  colourless,  and 
afforded  alkohoi  on  the  addition  of  sub- carbonate  of  pot- 
ash ; the  quantity  being  22.5  from  100  measures  of  the 
wine.  The  same  wine  yielded  by  distillation  22.3  ol  al- 
kohol  from  100  measures.  Similar  results  were  obtained 
from  other  wines.  Hence  it  is  evident,  “ that  no  alkohoi 
is  formed  during  the  distillation  of  wines,  and  that  the 
whole  quantity  found  after  distillation,  pre-existed  in  the 
fermented  liquor.”  The  same  conclusion  was  drawn  a- 
bout  the  same  time  by  Gay  Lussac,  from  a similar  expe- 
riment; — shaking  wine  with  levigated  litharge,  so  as  to 
abstract  the  colouring  and  extractive  matter,  and  then 
adding  sub-carbonate  of  potash  ; and  also  lrom  the  fact 
which  he  established,  that  alkohoi  is  volatilized  from  wine 
in  a vacuum  at  60°  of  Fahrenheit  f.  Mr  Donovan  had 
also  shewn,  that  it  is  volatilized,  at  a temperature  not  high- 
er than  56,  from  the  liquor  fermented  from  malt,  placed 
in  vacuo , and  aided  by  cold  applied  to  the  receiver. 

The  quantity  of  alkohoi,  however,  afforded  by  wines, 
(with  regard  to  which  Mr  Brande  gave  a number  of  re- 
sults from  experiments),  is  greater  than  what  would  be  in- 
ferred from  their  vinous  strength  ; port  wine,  for  example, 
yielding  22  per  cent,  of  alkohoi,  of  the  specific  gravity  of 
0.825,  while  brandy  yields  not  much  more  than  twice  this 
quantity,  or  53  per  cent.  It  appears,  therefore,  that  the 
spirituous  strength  and  pungency  of  the  alkohoi  in  wine 
is  modified  bv  the  ingredients  combined  with  it,  and  per- 
haps by  the  permanence  of  the  combination.  Mr  Brande 


* Mr  Brande  found  by  previous  experiment,  that  from  mix- 
tures of  alkohoi  and  water,  the  alkohoi,  when  it  exceeded  the 
proportion  of  16  per  cent,  could  be  obtained  within  0.5  per  cent, 
by  the  action  of  sub- carbonate  of  potash, 
t Annales  de  Cbimie,  tom.  Ixxxvi.  p.  176. 
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found,  tliat  distilled  port  wine  tastes  stronger,  and  is  more 
heating,  than  the  wine  in  its  original  state,  and  that  these 
qualities  are  impaired,  and  the  wine  reduced  nearly  to  its 
original  flavour,  by  the  addition  of  its  acid  and  extractive 
matter  *.  The  following  table,  founded  on  Mr  Brande’s 
experiments,  shews  the  proportions  of  alkohol  afforded  by 
distillation  from  the  principal  wines,  and  from  other  fer- 


mented  and  spirituous  liquors. 

Proportion  of  At- 

Proportion  of  A I- 

Wine. 

kohol. 

per  cent. 

Wine.  kohol, 

per  cent. 

by  measure. 

by  measure. 

Port 

a , 

21.40 

Red  Hermitage  . 

12.32 

Ditto  . . 

a , 

22.30 

Hock 

14.37 

Madeira  . 

• • 

19-34 

Ditto 

8.88 

Ditto  . . 

• • 

24.42 

Vin  de  Grave  . 

12.80 

Sherry  . . 

• , 

18.25 

Frontignac  . . . 

12.79 

Ditto  . 

19.83 

Cote  Roti  .... 

12.32 

Claret  . . 

a a 

12.91 

Constantia 

19.75 

Ditto  . 

# a 

16.32 

Tent 

13.30 

Calcavella 

. s 

18  10 

Tokay 

9-88 

Lisbon 

a • 

18.94 

Raisin  Wine  . . . 

25.77 

Malaga 

. , 

17-26 

Grape  Wine  . . 

18.11 

Red  Madeira 

. , 

18.40 

Currant  Wine 

20.55 

Malmsey  Madeira  . 

16.40 

Gooseberry  Wine  . 

11.84 

Marsala  . 

a . 

25.8? 

Cyder 

9-87 

Ditto  . 

. , 

17-26 

Perry 

9-87 

Red  Champagne 

11.30 

Porter 

6.  SO 

White  Champagne  . 

12.80 

Ale 

8.SS 

Burgundy 

• • 

14.53 

Brandy  .... 

53.39 

Ditto  . . . 

a , 

11.95 

Rum 

53.6s 

White  Hermitage  . 

17.43 

Hollands  .... 

51.60 

Chaptal,  in 

his  analysis  of 

wines,  found  f,  that  the  alko- 

hol  they  afford  varied  much  in  quantity;  some  rich  wines 


furnished  a third  of  spirit,  while  some  weak  wanes  did  not 
give  more  than  a fifteenth.  He  found  a portion  of  acid 
always  present, — all  wines  reddening  test  paper:  it  ap- 
peared to  be  the  malic  acid,  with  a small  portion  of  the 


* Philosophical  Transactions,  1811,1815. 
t Philosophical  Magazine,  vol.  xi.  p.  123.  565. 
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citric  : it  is  contained  in  larger  quantity  in  the  wines  lroni 
other  fruits,  as  cyder  ; and  predominates  in  the  fermented 
liquors  from  grain.  He  supposes,  with  some  probability, 
that  it  is  the  cause  of  the  disagreeable  flavour  the  spirit 
distilled  from  them  has,  compared  with  that  distilled  from 
wine  : this  spirit,  at  its  first  distillation,  he  found  always 
acidulous.  The  richer  wine  is  in  spirit,  the  less  malic  acid 
does  it  contain ; and  hence  the  richest  wines,  under  the 
same  mode  of  distillation,  furnish  the  most  agreeable  and 
purest  spirit.  Wines  also  always  contain  a portion  of  tar- 
tar, derived  from  the  grape,  and  which  they  slowly  depo- 
site.  They  hold  dissolved  too,  a quantity  of  extractive 
matter,  derived  from  the  same  source,  and  which  is  more 
abundant  in  new  than  in  old  wines.  1 o these  principles 
is  to  be  added,  the  colouring  matter  derived  from  the  pel- 
licle of  the  grape,  and  dissolved  by  the  alkohol,  as  the  fer- 
mentation proceeds.  This  is  often  slowly  deposited,  and 
may  at  once  be  precipitated  by  adding  lime,  which  com- 
bines with  the  malic  acid,  and  attracts  the  colouring  mat- 
ter. This  precipitate  is  insoluble  in  water,  either  cold  or 
warm,  and  alkohol  has  scarcely  any  effect  on  it.  Lastly, 
there  is  the  aroma  of  wine,  or  principle  which  gives  it  its 
peculiar  flavour,  and  which  is  so  delicate  as  to  be  destroy- 
ed by  heat. 

From  the  spirituous  liquors  of  commerce,  Alkohol 
may  be  obtained  ; and  having  considered  the  production 
of  this  principle,  it  remains  to  state  its  properties  in  its 
pure  state. 

The  process  for  obtaining  it,  varies  according  to  the 
kind  of  spirituous  liquor  from  which  it  is  extracted.  I he 
purer  kinds,  as  brandy,  afford  it  by  repeated  distillations, 
a portion  of  the  water  remaining  at  each  distillation  in  the 
retort ; the  alkohol  passes  over  less  and  less  diluted,  and 
may  at  length  be  obtained  pure,  or  at  least  can  be  obtain- 
ed in  such  a state  by  adding,  in  the  latter  distillations,  a 
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little  potash  to  abstract  the  water  more  completely.  W hen 
it  is  to  be  obtained  from  malt  spirit,  the  process  is  moie 
complicated. 

The  spirit  is  first  distilled,  to  free  it  from  the  greater 
part  of  the  water  mixed  with  it,  and  the  oily  or  extractive 
matter  derived  from  the  grain.  There  is  added  to  the  dis- 
stilled  spirit  sub-carbonate  of  potash,  in  the  proportion  o! 
an  ounce  to  a pint ; the  sub-carbonate  having  been  dried 
perfectly,  and  added  warm.  It  attracts  much  of  the  wa- 
ter, and  forming  a solution  of  greater  specific  gravity  than 
the  purer  spirit,  subsides  to  the  bottom.  The  spirit  is 
poured  off’,  and  is  distilled  from  a little  of  the  carbonate, 
(about  half  the  quantity  before  employed),  with  a gentle 
heat,  stopping  the  distillation  before  it  come  to  dryness. 

The  spirit  thus  obtained,  though  strong,  has  a disagree- 
able flavour,  derived  from  the  alkali.  To  free  it  from  this, 
and  obtain  it  moi'e  pure,  it  is  subjected  to  another  distilla- 
tion, with  the  addition  of  a small  quantity  of  alum,  about 
one  drachm  to  the  pint ; a little  recently  prepared  charcoal 
powder  is  also  frequently  added,  to  remove  more  complete- 
ly any  unpleasant  flavour.  Some  have  supposed,  that  al- 
kohol  thus  distilled  from  saline  substances  suffers  some 
change,  besides  mere  concentration,  from  their  action  * ; 
but  Th.  Saussure  found,  that  in  properties  and  composition 
it  is  the  same  as  alkohol  rectified  without  such  additions. 

Alkohol  obtained  by  these  processes,  is  of  a specific  gra- 
vity of  about  0.835;  but  it  may  be  more  highly  rectified, 
by  repeated  distillations  from  substances  having  a strong 
affinity  to  water.  With  pure  potash  it  may  be  brought  to 
the  specific  gravity  of  0.815  ; and  Dr  Fordyce  furnished  a 
quantity  used  in  the  first  experiments  of  Gilpin,  at  .813. 
By  using  muriate  of  lime,  as  proposed  by  Lowitz  and  Rich- 
ter, it  may  be  obtained  still  lighter.  Dr  Black  brought  it 
to  800  : in  the  tables  of  Chaussier,  it  is  stated  at  the  tem- 
perature of  60°  at  .798  ; and  Lowitz  succeeded  in  obtain- 


* Annates  tie  Cliimie,  tom.  lxxxvi.  p.  514. 
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ing  it  at  the  temperature  of  68°  at  .791.  This  is  the  low- 
est specific  gravity  at  which  it  has  been  procured,  and 
therefore  the  purest  alkohol,  though  it  is  uncertain  if  even  * 
at  this  strength  it  is  free  from  water ; nor  have  we  any  me- 
thod of  determining  when  it  is  so. 

The  strength  of  alkohol  is  best  judged  of  from  its  speci- 
fic gravity.  It  combines  with  water  in  every  proportion, 
and  this  is  always  accompanied  with  an  increase  of  density, 
which  is  different  in  the  different  proportions.  Hence  the 
specific  gravities  of  such  mixtures  cannot  be  inferred  a 
priori , but  must  be  determined  by  experiment.  This  is  a 
subject  of  much  importance,  from  its  relation  to  the  strength 
of  the  spirituous  liquors  of  commerce ; and  has  hence  often 
engaged  the  attention  of  chemists.  The  labours  of  Blag- 
den  and  Gilpin  have  been  extensive  with  regard  to  it,  and 
the  results  they  have  established  are  perhaps  the  most  ac- 
curate. In  their  first  report,  published  in  the  Philoso- 
phical Transactions  for  1790,  the  specific  gravities,  from 
standard  alkohol,  through  the  several  mixtures  of  it  with 
water  in  different  proportions,  down  to  equal  parts,  were 
given.  In  a supplementary  report  in  the  Transactions  for 
1792,  the  specific  gravities  of  the  mixtures  in  which  the 
proportions  of  water  are  larger  were  added.  And  in  the 
volume  for  1794,  a set  of  tables  were  published,  shewing 
the  specific  gravity  of  every  mixture  of  alkohol  and  water, 
from  100  of  alkohol  to  1 of  water,  and  100  of  water  to  1 
of  alkohol,  at  the  various  temperatures  from  30°  to  80°. 

I insert  an  abridged  table  from  these,  shewing  the  specific 
gravities  of  the  different  mixtures,  for  every  5°  of  tempe- 
rature between  30°  and  80°.  Alkohol  of  the  specific  gra- 
vity of  .825  at  60°,  was  selected  as  the  standard,  as  being- 
obtained  easily,  and  as  it  is  uncertain  what  constitutes 
real  alkohol,  or  to  how  low  a degree  of  specific  gravity  it 
might  be  brought.  Alkohol  of  this  specific  gravity  con- 
sists, according  to  Gilpin,  of  100  of  alkohol  of  the  specific 
gravity  of  .814,  and  4.5  of  water. 
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Heat. 

The  pure 
spirit. 

100  spirit  to 
5 water. 

100  spirit  to 
10  water. 

100  spirit  to 
15  water. 

100  spirit  to 
20  water. 

1 00  spirit  to 
25  water. 

100  spirit  to 
30  water. 

30° 

.83896 

.84995 

.85957 

.86825 

.87585 

.88282 

.88921 

35 

83672 

84769 

85729 

86587 

87357 

88059 

88701 

40 

83445 

84539 

85507 

86361 

87134 

87838 

88481 

45 

83214 

8 1310 

85277 

86131 

86905 

87613 

88255 

50 

82977 

84076 

85042 

85902 

86676 

87384 

88030 

55 

S2736 

83834 

84802 

85664 

86441 

87150 

87796 

6o 

82500 

83599 

84568 

> 5430 

86208 

8691 8 

87569 

65 

82262 

83362 

84334 

85193 

85976 

86686 

87337 

70 

82023 

83124 

84092 

84951 

85736 

86451 

87105 

75 

81780 

82878 

83851 

84710 

85496 

S6212 

86864 

80 

| 81530 

82631 

83603 

84467 

85248 

• 85966 

86622 

Heat. 

100  spirit  to 
35  water. 

100  spirit  to 
40  water. 

100  spirit  to 
45  water. 

100  spirit  to 
50  water. 

100  spirit  to 
55  water. 

100  spirit  to 
60  water. 

100  spirit  to 
65  water. 

30p 

.89511 

•90054 

.90558 

.91023 

.91449 

.91847 

.92217 

35 

89294 

89839 

90345 

9081 1 

91241 

91640 

92009 

40 

89073 

89617 

90127 

90596 

91026 

91428 

91799 

45 

88849 

89396 

89909 

90380 

90812 

91211 

91584 

50 

88626 

89174 

89684 

90160 

90506 

90997 

91370 

55 

88393 

88945 

89458 

89933 

90367 

90768 

91144 

60 

88 169 

88720 

89232 

89707 

90144 

90549 

90927 

65 

87938 

88490 

89006 

89479 

89920 

90328 

90707 

70 

87705 

88254 

S8773 

89252 

89695 

90104 

90484 

75 

87466 

88018 

88538 

890 18 

89464 

89872 

90252 

80 

87228 

87776 

88301 

8S7S1 

89225 

89639 

90021 

Heat. 

100  spirit  to 
70  water. 

100  spirit  to 
75  water. 

100  spirit  to 
80  water. 

100  spirit  to 
85  water. 

100  spirit  to 
90  water. 

100  spirit  to 
95  water. 

100  spirit  to 
100  water. 

30® 

.92563 

•92889 

.93191 

.93474 

•93741 

.93991 

.94222 

35 

92 355 

92  680 

92986 

93274 

93541 

93790 

94025 

40 

92151 

92476 

92783 

93072 

93341 

93592 

93827 

45 

91937 

92264 

92570 

92859 

93131 

93382 

9362 1 

50 

91723 

92051 

92358 

92647 

92919 

93177 

93419 

55 

91502 

91837 

92145 

92436 

92707 

92963 

93208 

60 

91287 

91622 

.91933 

92225 

92499 

92758 

93002 

65 

91066 

91400 

91715 

92010 

92283 

92546 

92794 

70 

90847 

91 181 

91493 

91793 

92069 

92333 

925S0 

75 

90617 

90952 

91270 

.91569 

91849 

92111 

92364 

80 

90385 

90723 

91046 

91340 

91622 

91 891 

92142 
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95  spirit  to 

90  spirit  to 

85  spirit  to 

80  spirit  to 

T5  spirit  to 

70  spirit  to 

05  spinTtcT 

100  water. 

100  water. 

100  water. 

100  water. 

100  water. 

100  water. 

1 00  water. 

30° 

•94447 

.94675 

.94920 

.95173 

.95429 

.95681 

.95944 

35 

94249 

94484 

94734 

94988 

95246 

95502 

95772 

40 

94058 

94295 

94547 

94802 

95060 
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95602 

45 

93860 

94096 

94348 

94605 

94871 

95143 

95423 

50 

93658 
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94149 
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94683 
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65243 

55 
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94213 

94486 
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95057 

60 
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94018 
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94579 
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65 
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70 
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94500 

75 
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93413 
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9430J 

80 

92393 

92647 

92916 

93201 
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98785 

94102 

60  spirit  to 

55  spirit  to 

50  spirit  to 

45  spir  it  to 

40  spirit  to 

35  spirit  to 

30  spirit  to 

100  water. 

100  water. 

100  water. 

100  water. 

100  water. 

100  water. 

100  water. 

30° 

96209 

.96470 

.96179 

.96967 

•97200 

•97418 

•97635 

35 

96048 
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96579 

96840 

970S6 
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40 
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97472 

45 
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95993 
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97384 

50 
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96126 
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96708 

96995 

97284 

55 

95357 
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60 
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65 
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70 
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75 
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9 5638 
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80 
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94768 

95111 

95467 

95826  1 

96192 

96568 

Heat. 

25  spirit  to 
100  water. 

20  spirit  to 
100  water. 
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5 spirit  to 
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36 
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40 
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45 
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50 

97589 
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98745 

99316 

55 
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60 
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99244 

65 
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70 
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98527 
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75 

97036 
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80 
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97845 

98367 
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The  specific  gravity  of  the  mixtures  of  alkobol  and  wa- 
ter is  best  discovered  by  the  hydrometer  or  gravimeter,  of 
which  there  are  different  kinds  in  use.  That  of  Fahren- 
heit, improved  by  Nicholson  and  Guyton  is  the  most 
accurate  and  delicate. 

Alkohol  is  colourless  and  transparent.  Its  odour  is  fra- 
grant, and  its  taste  hot  and  pungent.  It  acts  powerfully  on 
the  animal  system,  exciting  exhilaration  and  intoxication. 

It  is  always  fluid,  not  congealing  at  degrees  of  cold  at 
which  all  other  liquids  congeal.  Its  congelation  was  said 
to  have  been  effected  by  Mr  Hutton,  at  a temperature  es- 
timated to  be  below  — 1 10p  f ; but  the  method  of  making 
the  experiment  was  not  made  public,  and  it  has  not  been 
established  by  any  subsequent  result. 

Alkohol  is  highly  expansible,  and  is  also  very  volatile. 
It  evaporates  quickly,  when  exposed  to  the  atmosphere : 
it  distils  in  close  vessels  slowly  at  100°,  and  boils  at  165°. 
The  specific  gravity  of  its  vapour  is,  according  to  Gay 
Lussac,  1.613.  If  suddenly  exposed  to  a high  tempe- 
rature, it  is  decomposed.  When  transmitted  through  an 
ignited  tube,  it  is  converted  into  one  of  the  varieties  of 
oxycarbu retted  hydrogen  gas:  watery  vapour  and  car- 
bonic acid  gas  are  at  the  same  time  formed ; charcoal  is 
deposited,  which  by  incineration  affords  traces  of  potash, 
silex,  and  lime;  and  a kind  of  crystallized  volatile  oil  was 
observed  by  Vauqoelin  to  be  formed  in  the  process,  which 
Saussure  has  likewise  observed. 

Alkohol  is  highly  inflammable.  It  kindles  when  the 
temperature  is  not  much  above  300°,  and  burns  with  a 
blue  lambent  flame,  without  any  sensible  smoke,  and,  when 
pure,  without  residuum.  The  products  of  its  combustion 
are  water  and  carbonic  acid  gas.  The  quantity  of  water 

* Nicholson’s  Journal,  4to,  vol.  i. 
f Ibid.  Svo,  vol.  xxxiv.  p.  166. 
vol.  iv.  a a 
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wus  found  by  Lavoisier  to  amount  to  about  eighteen  from 
sixteen  parts. 

By  performing  the  combustion  in  vessels  adapted  to  col- 
lect the  products,  he  endeavoured  to  infer  from  these  the 
composition  of  alkohol *.  Of  a quantity  kindled  in  a lamp, 
there  were  burnt  93.5  grains,  and,  in  the  combustion  of 
this,  110.32  grains  of  oxygen  were  consumed  : there  was 
produced  carbonic  acid  gas  to  the  amount  of  95.28  grains  ; 
and  a quantity  of  water  was  condensed,  calculated  to  a- 
mount  to  108.54  grains.  On  these  grounds  he  conclud- 
ed, that  alkohol  consists  of  28.5  of  carbon,  7.8  of  hydro- 
gen, and  63.5  of  water.  But  allowing  the  accuracy  of  the 
results,  which  Lavoisier  himself  considered  only  as  ap- 
proximations, it  is  obvious,  that  the  inference,  that  the 
large  quantity  of  water  obtained  in  the  combustion  above 
that  which  could  have  been  derived  from  the  quantity  of 
oxygen  consumed,  pre-existed  in  the  alkohol,  does  not  fol- 
low, since  it  may  be  rather  the  elements  of  this  water  ; or, 
in  other  words,  the  alkohol  may  contain  a portion  of  oxy- 
gen, which  would  contribute,  with  the  oxygen  gas  con- 
sumed, to  the  formation  of  the  water  and  carbonic  acid. 

To  determine  the  composition  of  alkohol,  T.  Saussurc 
employed  the  different  methods  of  burning  a given  weight 
of  it  in  oxygen  gas  mixed  with  a certain  proportion  of  at- 
mospheric air,  observing  the  quantity  of  oxygen  consumed, 
and  of  carbonic  acid  and  water  formed  ; of  detonating  the 
vapour  of  alkohol  with  oxygen  gas  in  a tube ; and  of  de- 
composing it  by  passing  it  through  an  ignited  porcelain 
tube.  The  two  latter  modes  he  regarded  as  more  accurate 
than  the  first.  The  results  of  the  one  gave  as  the  elements 
of  alkohol,  of  the  specific  gravity  of  0.792,  at  68°  of  Fah- 
renheit, carbon  48.82,  hydrogen  15.82,  oxygen  41.36; 
those  of  the  other,  carbon  43.65,  oxygen  37.85,  hydro- 


* Memoires  de  l’Acad.  des  Sciences,  17S4,  p.  598. 


OF  ALKOHOL. 


371 


gen  14.94,  nitrogen  3.52,  ashes  0.04  *.  These  he  regard- 
ed, however,  only  as  approximations.  He  has  since  re- 
sumed the  investigation,  employing  the  last  of  these  me- 
thods as  the  least  complicated,  and  susceptible  of  the  great- 
est precision.  The  alkohol  on  which  he  operated  was  of 
the  specific  gravity  0.830  at  63p  ; a liquid  composed,  ac- 
cording to  the  table  of  Richter  on  the  condensation  of  mix- 
tures of  alkohol  and  water,  of  13.8  water,  and  86.2  ab- 
solute alkohol;  but  he  reduces  the  results  of  the  analysis 
by  calculation  to  this  absolute  alkohol,  excluding  of  couise 
the  oxygen  and  hydrogen  of  the  contained  water.  The 
products  of  the  decomposition  were  oxycarburetted  hydro- 
gen gas  and  water,  with  minute  portions  of  an  oily  matter, 
and  charcoal.  This  gas  required  for  its  combustion  oxy- 
gen in  the  proportion  of  three  measures  to  two  of  the  car- 
bonic acid  gas  formed ; this  is  exactly  the  quantity  which 
olefiant  gas  requires  ; hence,  as  it  afforded  also  in  its  com- 
bustion a portion  of  water,  its  composition  is  such  that  it  is 
represented  by  olefiant  gas  and  water  ; the  proportions, 
according  to  Saussure,  are  100  of  the  former,  and  47.6  of 
the  latter.  But  alkohol  itself  yields  this  gas  and  water  in 
its  analysis,  (the  other  products  being  so  minute  that  they 
may  be  neglected),  hence  alkohol  also  is  represented  by 
olefiant  gas  and  water ; the  proportions  which  Saussure 
assigns  are  61.13  of  the  former,  and  38.87  of  the  latter, 
or  100  and  63.58  ; that  is,  of  the  elements  of  these  in  these 
proportions  : and  substituting  these  elements,  it  follows, 
that  100  parts  of  the  absolute  alkohol  of  Richter  are  com- 
posed of  carbon  51.98,  oxygen  34.32,  hydrogen  13.70. 
What  proportion  of  the  oxygen  and  hydrogen  exists  in 
the  state  of  water  remains  uncertain.  Saussure  supposes 
the  most  probable  conjecture  to  be,  that  alkohol  contains 
a quantity  of  elementary  water  double  in  weight  to  that 


'*  Nicholson’s  Journal,  vol.  xxi.  p.  222. 
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which  exists  in  ether;  according  to  this,  pure  alkohol 
would  be  represented  by  100  of  olefiant  gas  and  50  of  wa- 
ter, as  is  nearly  the  case  with  the  gas  obtained  by  passing 
aqueous  alkohol  through  a red  hot  tube;  100  parts  of 
Richter’s  absolute  alkohol  would  contain  91.7  of  pure  al- 
kohol, and  8.3  of  water  : and  100  parts  of  pure  alkohol 
would  be  composed  of  carbon  56.68,  oxygen  29.44-,  hy- 
drogen 13.88*.  Gay  Lussac  has  calculated,  from  the  pre- 
ceding results,  that  alkohol  consists  of  equal  volumes  ot 
olefiant  gas  and  aqueous  vapour ; for  being  composed, 
according  to  Saussure,  of  100  of  olefiant  gas  by  weight, 
and  63.58  of  water,  if  these  are  reduced  to  volume,  on 
the  data  that  the  density  of  olefiant  gas  is  0.978,  and  the 
density  of  watery  vapour  0.625,  they  give  the  proportions 
of  102.5  of  the  gas,  and  101.7  of  the  vapour,  which  may 
be  regarded  as  approximations  as  near  as  can  be  expected 
to  equal  volumes.  The  density  of  the  vapour  of  alkohol 
Gay  Lussac  finds  to  be  1.613,  from  which  it  follows,  that 
the  condensation  in  the  combination  is  one  half  of  the 
volume  of  the  two  elastic  fluids  f. 

Alkohol  combines  with  water  in  every  proportion. 
Though,  in  this  case,  no  new  properties  are  acquired,  yet 
it  is  a real  chemical  combination,  as  is  evident  from  the 
condensation  which  accompanies  it.  The  specific  gravity 
of  the  compound  is  always  greater  than  the  mean  of  the 
specific  gravities  of  the  separate  fluids.  Thus,  if  one  part 
of  alkohol,  whose  specific  gravity  is  817,  be  mixed  with 
one  of  water  whose  specific  gravity  is  1000,  the  specific 


* Journal  de  Physique,  tom.  lxxviii.  p.  115.  Annals  of  Philo- 
sophy, vol.  iv.  p.  55.  Alkohol  contains  no  nitrogen.  Its  pre- 
sence, in  Saussure’s  first  experiments,  had  arisen  from  its  having 
been  given  out  by  the  water  over  which  the  oxycarburetted  hydro- 
gen had  stood. 

t Annales  de  Chimie,  tom.  xcv.  p.  511. 
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gravity  of  the  compound  will  not  be  the  mean  908.5,  but 
will  be  not  less  than  934 ; and  a difference  will  obtain  in 
whatever  proportions  the  fluids  are  mixed.  This  diffe- 
rence proceeds  in  a decreasing  ratio ; that  is  to  say,  when 
ten  parts  of  alkohol  are  mixed  with  one  of  water,  the  dif- 
ference in  the  specific  gravity  produced  is  greater  than 
when  the  ten  parts  are  mixed  with  two,  and  greater  ill 
this,  than  when  mixed  with  three.  The  progression,  how- 
ever, is  not  regular  ; and  hence,  the  specific  gravity  of  any 
possible  mixture  of  alkohol  and  water  cannot  be  calculated 
a priori,  but  must  be  determined  by  experiment. 

The  greater  density  which  the  combination  of  alkohol 
with  water  acquires,  is  accompanied  with  a diminution  in 
the  capacity  for  heat ; hence,  a rise  of  temperature  accom- 
panies their  union.  It  is  also  accompanied  with  a hissing 
noise,  and  the  formation  of  air  bubbles.  Alkohol  diluted 
with  an  equal  weight  of  water,  forms  what  is  named  Proof 
Spirit. 

From  its  affinity  to  water,  alkohol  precipitates  many 
neutral  salts  from  their  aqueous  solutions.  There  are 
others  which  it  does  not  precipitate,  and  which,  even  in 
its  pure  state,  it  is  capable  of  dissolving,  particularly  those 
which  are  deliquescent,  which  have  ammonia,  lime,  or 
magnesia  for  their  base;  or  the  nitric  or  muriatic  acid  for 
their  acid.  Many  of  these  salts  give  a peculiar  colour  to 
the  flame  of  alkohol  in  burning. 

From  its  solvent  power  with  regard  to  salts,  alkohol  is 
a useful  re-agent  in  the  analysis  of  mineral  waters.  The 
table  of  their  degrees  of  solubility  in  it  has  been  already 
given. 

Alkohol  combines  with  the  alkalis.  It  dissolves  potash 
and  soda  in  their  pure  state;  but  appears  to  suffer  some 
decomposition,  probably  from  portions  of  its  carbon  and 
oxygen  being  combined  by  the  resulting  affinity  the  alkali 
exerts,  so  as  to  form  carbonic  acid ; for  the  solution  ac- 
quires a brown  colour ; and,  according  to  Pelletier,  car- 
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bon  ate  of  potash  is  formed,  and  the  alkohol  disappears  *. 
Ammonia  may  be  combined  with  it  by  distillation.  Of  the 
earths,  strontit.es,  and  perhaps  barytes,  are  dissolved  by  it. 

The  acids  combine  with  it,  and  some  of  them  decom- 
pose it;  a particular  order  of  compounds,  Ethers,  as  they 
have  been  named,  results  from  these  actions,  which  will  be 
better  considered  after  the  history  of  alkohol. 

It  unites  with  sulphur,  but  it  is  requisite  that  the  sul- 
phur should  be  presented  in  the  state  of  vapour.  In  this 
way  their  combination  was  effected  by  Lauraguais  f.  Ac- 
cording to  Favre,  if  alkohol  be  highly  rectified,  it  dissolves 
sulphur,  merely  by  applying  heat,  lower  than  sufficient  to 
cause  the  alkohol  to  boil.  By  digesting  an  ounce  of  alko- 
hol with  two  drachms  of  sulphur,  he  found  from  13  to  23 
grains  to  be  dissolved,  according  to  the  heat  applied  f. 
The  compound  of  sulphur  and  alkohol  formed  by  the  pro- 
cess of  Lauraguais,  is  a liquid  of  a reddish  colour  and  foe- 
tid smell,  resembling  that  of  sulphuretted  hydrogen  : it  be- 
comes turbid  on  cooling,  and  sulphur  is  precipitated  from 
it  by  the  addition  of  water.  The  proportion  of  sulphur  it 
contains  is  about  a sixtieth. 

Phosphorus  is  dissolved  by  alkohol  : the  solution  is  ren- 
dered turbid,  and  the  phosphorus  precipitated  on  the  af- 
fusion of  water.  When  the  liquor  is  poured  on  water,  a 
tremulous  vivid  light  is  perceived,  when  the  experiment  is 
made  in  the  dark. 

Alkohol  does  not  dissolve  carbon,  nor  does  it  combine 
with  hydrogen.  It  exerts  no  action  on  the  metals,  even 
when  they  are  oxidated,  but  it  dissolves  a number  of  me- 
tallic salts. 

It  absorbs  a number  of  the  gases,  some  of  them  in  larger, 
others  in  smaller  quantities  than  those  in  which  they  are 


* Memoires  de  Chimie,  tom.  i.  p.  521. 

+ Memoires  de  l’Acad.  des  Sciences,  1758,  p.  84, 
_t  Nicholson’s  Journal,  vol.  xiii.  p.  70. 
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absorbed  by  water.  The  results  with  regard  to  this  have 
been  given  in  a table,  along  with  those  with  regard  to  wa- 
ter, in  the  second  volume. 

Alkohol  is  the  solvent  of  a number  of  vegetable  prin- 
ciples, as  sugar,  resin,  extract,  camphor,  essential  oil,  and 
several  of  the  acids.  With  essential  oils  are  formed  the 
odoriferous  essences  and  the  distilled  spirits.  These  are 
commonly  prepared  by  distillation.  A quantity  of  proof 
spirit  is  poured  on  any  aromatic  fragrant  vegetable  : a mo- 
derate heat  is  applied : the  alkohol  of  the  proof  spirit  dis- 
solves the  essential  oil,  and  distils  over.  What  are  thus 
formed  are  named  Distilled  Spirits,  in  contradistinction  to 
Distilled  Waters,  prepared  by  distilling  water  from  the 
plant.  As  the  essential  oils  are  soluble  in  alkohol,  the 
spirit  may  be  impregnated  with  them  by  agitation. 

Camphor  dissolved  in  alkohol  forms  a compound,  which 
is  used  in  medicine  as  a stimulant.  Resins  dissolved  in  al- 
kohol, form  Varnishes.  Balsams  dissolve  in  it  entirely, 
gum-resins  partially. 

Alkohol,  from  its  power  of  dissolving  these  principles, 
is  able  to  extract  the  active  matter  of  many  vegetables ; 
and  when  diluted  with  an  equal  part  of  water,  so  as  to  form 
proof  spirit,  its  solvent  power  is  more  extensive.  Both  in 
its  pure  and  diluted  state,  it  is  frequently  used  in  pharma- 
cy to  dissolve  the  active  principles  of  vegetable  products, 
and  thus  to  separate  them  from  inert  matter  with  which 
they  may  be  mixed.  Solutions  of  this  kind  are  named 
Tinctures  or  Elixirs.  Those  prepared  with  pure  alkohol 
are  decomposed  by  water,  the  resinous  matter  being  pre- 
cipitated ; those  with  proof  spirit,  are  in  general  miscible 
without  decomposition. 
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The  action  of  the  more  powerful  acids  on  alkohol,  it 
has  been  remarked,  is  peculiar,  and  gives  rise  to  an  order 
of  compounds  of  some  importance  from  their  chemical  pro- 
perties. As  produced  by  the  different  acids,  they  differ  in 
their  qualities : they  agree,  however,  in  the  possession  of 
certain  general  properties;  are  highly  volatile,  odorous, 
pungent,  and  inflammable ; miscible  with  water,  and  ca- 
pable of  combining  with  alkohol  in  every  proportion. 
These  compounds  are  named  ethers  ; the  specific  name 
ol  each  being  derived  from  the  acid  by  which  it  is  form- 
ed, as  sulphuric,  nitric,  muriatic,  or  acetic  ether. 

Sulphuric  ether  is  of  these  compounds  the  one  which 
has  been  longest  known.  The  following  is  the  process  by 
which  it  is  prepared. 

Upon  a quantity  of  alkohol  in  a retort,  (selected  thin  at 
the  bottom,  so  as  to  be  capable  of  bearing  a sudden  heat), 
is  poured  an  equal  weight  of  sulphuric  acid.  The  acid  is 
added  in  a full  stream,  so  that  from  its  greater  specific  gra- 
vity it  fails  to  the  bottom  of  the  retort;  it  is  then  mixed 
with  the  alkohol  above  by  moderate  agitation.  The  alko- 
hol acquires  a brownish  colour;  vapours  having  a fragrant 
odour  are  disengaged  ; and  the  temperature  rises  to  about 
180  of  Fahrenheit.  When  the  mixture  is  complete,  heat 
is  applied  to  the  retort  by  the  medium  of  a sand-bath. 
The  liquor  boils  when  the  temperature  is  raised  to  208, 
the  ether  being  formed  at  that  temperature,  and  distilling 
over : the  condensation  of  it  is  promoted  by  keeping  the 
receiver  connected  with  the  retort  cool  with  water,  and  the 
distillation  is  continued  till  about  half  the  quantity  of  the 
alkohol  employed  has  distilled  over,  or  until  the  neck  of 
the  retort  becomes  obscured  with  white  fumes.  If,  to  the 
residual  liquid  in  the  retort,  there  be  added,  when  it  has 
cooled,  half  the  quantity  of  alkohol  employed  in  the  first 
distillation,  on  applying  heat,  a new  production  of  ether 
fakes  place  ; and  this  may  be  repeated  several  times.  In 


OF  SULPHURIC  ETHER. 


377 


this  way  it  was  ascertained  by  Dollfuss,  that  one  part  of  sul- 
phuric acid  can  convert  from  two  to  three  limes  its  weight 
of  alkohol  into  ether. 

Besides  ether,  there  are  some  other  products  formed  dur- 
ing the  action  of  sulphuric  acid  upon  alkohol.  Towards 
the  end  of  the  process  an  oily-like  matter  distils  over,  which 
has  been  named  Oil  of  Wine.  This  can  be  obtained  by 
changing  the  receiver  : it  is  unctuous,  thick,  and  less  vola- 
tile than  the  ether,  but  is  soluble  both  in  it  and  in  alkohol. 
It  is  obtained  likewise  by  distilling  sulphuric  ether  from  a 
fresh  quantity  of  acid  ; or  by  distilling  a mixture  of  alko- 
hol and  sulphuric  acid,  in  the  proportion  of  one  part  of 
the  former  by  weight  to  two  of  the  latter.  Chemists  are 
not  agreed  respecting  its  nature  : Fourcroy  and  Vauquelin 
consider  it  as  similar  to  ether,  and  differing  from  that  fluid 
principally  in  containing  a larger  proportion  of  carbon. 
Other  chemists,  particularly  Higgins,  have  affirmed,  that 
it  is  a compound  of  ether  and  sulphurous  acid,  and  that 
by  the  addition  of  an  alkali  which  combines  with  the  acid, 
ether  may  be  obtained  from  it.  It  does  not  appear,  how- 
ever, that  this  combination  can  be  formed  directly  ; and 
though  it  may  contain  a portion  of  acid,  it  is  not  impro- 
bable that  it  also  differs  from  ether  in  ultimate  composition. 

At  the  same  time  that  the  oil  of  wine  is  formed,  there  is 
disengaged  a quantity  of  olefiant  gas  : a quantity  of  car- 
bonaceous matter  somewhat  bituminous,  is  also  separated, 
which  gives  to  the  liquor  a black  colour.  Towards  the 
end  of  the  process  the  liquor  becomes  so  loaded  with  this, 
and  is  capable  of  bearing  so  high  a temperature,  that  if 
the  heat  is  kept  up,  the  sulphuric  acid  is  decomposed,  and 
sulphurous  acid  gas  and  carbonic  acid  gas  are  produced. 
If  care  is  not  taken  to  keep  the  heat  moderate,  the  whole 
liquor  is  apt  to  swell  suddenly,  and  boil  over  into  the  re- 
ceiver. If  examined  at  this  time,  it  is  found  to  contain 
acetic  and  oxalic  acids,  and  the  sulphuric  acid  is  consider- 
ably diluted  with  water. 
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From  the  formation  of  sulphurous  acid  towards  the  end 
of  tiie  process,  the  ether  is  so  far  impregnated  with  it,  that 
it  is  rendered  pungent  and  acrid.  It  is  also  diluted  with 
a portion  of  water.  It  is  purified  by  a second  distillation 
with  a very  gentle  heat  applied  by  a water-bath,  pure  pot- 
ash being  previously  added  to  it,  in  the  proportion  of  two 
drachms  to  each  pound;  this  attracts  the  sulphurous  acid, 
and  renders  the  water  less  volatile.  Slaked  lime  may  be 
substituted,  as  was  proposed  by  Woolfe.  Another  me- 
thod of  rectification,  proposed  by  Pelletier  *,  and  revived 
by  Dizef,  which  I have  found  to  succeed,  is  to  distil  the 
ether  oi  the  first  distillation  from  a little  black  oxide  of 
manganese,  the  oxygen  of  which  combines  with  the  sul- 
phurous acid,  converting  it  into  sulphuric  ; and  this,  with 
the  water,  remains  in  the  retort.  Even  after  either  of 
these  processes,  the  ether  may  contain  a portion  of  alko- 
hol,  which  passes  over  in  the  first  stage  of  the  distillation. 
This  is  abstracted  by  agitation  with  water,  which  imbibes 
the  alkohol,  and  a little  of  the  ether : the  greater  part  of 
the  ether  floats  above,  may  be  drawn  off,  and  by  distilling 
it  with  a very  gentle  heat,  is  obtained  pure.  Saussure 
found,  that  when  a large  quantity  of  it  was  burnt,  and  the 
water  afforded  by  its  combustion  collected,  not  a trace  of 
sulphuric  acid  could  be  discovered, — a proof  that  the  acid 
is  not  necessary  to  its  constitution  J. 

The  formation  of  sulphuric  ether  had  been  ascribed  by 
Lavoisier,  in  conformity  to  the  antiphlogistic  theory,  to 
the  acid  communicating  oxygen  to  the  hydrogen  of  the  al- 
kohol, and  forming  water  ; thus  subverting  the  balance  of 


* Memoires  de  Chimie,  tom.  i.  p.  516. 
t Nicholson’s  Journal,  4to,  vol.  iii.  p.  45. 
t Both  in  the  first  distillation,  and  in  the  subsequent  rectifica- 
tion of  ether,  rather  a small  receiver  should  he  connected  with  the 
retort,  as,  from  the  great  density  of  the  vapour  of  ether,  there  is 
in  a large  receiver  considerable  loss. 
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attractions,  and  causing  part  of  the  carbon  to  be  precipi- 
tated, while  the  remaining  carbon,  hydrogen,  and  oxygen, 
form  the  ether. 

Fourcroy  and  Vauquelin,  from  a series  of  experiments 
which  they  undertook  to  elucidate  this  subject,  affirmed, 
however,  that  the  decomposition  of  the  acid  is  not  neces- 
sary : that  although  it  may  take  place  towards  the  end, 
when  the  liquor  is  loaded  with  carbon,  there  is  no  indica- 
tion of  it  in  the  first  stage,  during  which,  principally,  the 
ether  is  formed  ; no  sulphurous  acid  gas  is  discharged,  and 
if  the  process  be  stopt  at  the  end  of  this  stage,  the  remain- 
ing acid  is  capable  of  saturating  the  same  quantity  of  al- 
kali, as  before  its  mixture  with  the  alkohol  *.  They  gave, 
therefore,  a different  view  of  this  subject.  They  supposed, 
that  the  sulphuric  acid  acts  only  by  the  exertion  of  a dis- 
posing affinity,  in  producing  the  decomposition  of  the  al- 
kohol. By  this  affinity  it  causes  part  of  the  hydrogen  and 
of  the  oxygen  of  the  alkohol  to  combine  and  form  water : 
the  balance  of  attractions  being  subverted,  a quantity  of 
cai  bon  is  separated  ; and  the  remaining  carbon,  hydrogen, 
and  oxygen,  combine  and  form  the  ether. 

Some  doubts  have  been  expressed  with  regard  to  the 
fact,  whether  the  decomposition  of  the  sulphuric  acid  is 
essential  to  the  formation  of  ether  or  net.  The  proof  of 
the  residual  liquor  saturating  as  much  of  an  alkali  as  the 
quantity  of  acid  would  do  previous  to  its  mixture  with  the 
alkohol,  is  not  without  fallacy,  as,  during  the  formation 
of  ether,  there  is  a formation  from  the  elements  of  the  al- 
kohol, of  some  of  the  vegetable  acids,  particularly  of  the 
acetousf,  which  will  contribute  to  the  saturation  ot  the  al- 
kali. In  the  formation  of  some  other  species  ol  ether,  the 
nitric  for  example,  there  is  the  undoubted  decomposition 


* Nicholson’s  Journal,  4to,  vol.  i.  p.  385. 
t The  oxalic  acid  has  also  been  said  to.be  formed,  biU,  accord, 
ing  to  Vogel,  this  is  not  the  case. 
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of  the  acid,  and  the  communication  of  oxygen  to  the  ele- 
ments of  the  alkohol.  And  Laudet  and  Dabit  published 
some  experiments  *,  in  which  it  appeared  to  be  proved, 
that  ether  is  formed  when  alkohol  and  black  oxide  of  man- 
ganese are  mixed  and  exposed  to  the  proper  heat,  a very 
small  quantity  of  sulphuric  acid  (as  an  ounce  to  a pound 
of  alkohol)  being  added,  merely  to  favour  their  action; 
and  that  muriatic  acid  heated  with  alkohol,  gave  no  ether; 
while,  if  black  oxide  of  manganese  were  added,  an  ether 
was  formed.  In  opposition  to  these,  however,  Fourcroy 
and  Vauquelin  affirmed,  that  the  liquors  thus  formed  differ 
from  ether  in  their  constitution  and  properties  f. 

From  the  determination  of  the  constitution  of  sulphuric 
ether  by  its  analysis,  a mode  of  investigation  less  exposed 
to  error,  the  theory  which  Fourcroy  and  Vauquelin  gave 
of  its  formation,  appears  to  be  nearly  just.  Its  composi- 
tion may  be  determined  either  from  the  products  of  its 
combustion,  or  from  the  products  of  its  decomposition  by 
heat.  T.  Saussure,  in  his  first  experimental  investigation 
of  the  composition  of  alkohol  and  ether,  employed  the  for- 
mer of  these  methods,  detonating  the  vapour  of  ether  in  a 
tube  with  oxygen  gas,  and  finding  the  quantities  of  car- 
bonic acid  and  water  formed.  From  the  results  he  assign- 
ed as  the  elements,  carbon  59,  oxygen  19,  hydrogen  22, 
which  gives  a larger  proportion  of  carbon  and  hydrogen, 
and  a smaller  proportion  of  oxygen,  than  what  exists  in 
the  composition  ot  alkohol  J.  In  his  subsequent  investi- 
gation of  the  subject,  he  employed  the  same  method  as  that 
which  he  used  to  determine  the  constitution  of  alkohol, — 
decomposition  by  transmission  through  an  ignited  tube, 
which  of  course  led  more  directly  to  the  discovery  of  the 
difference  between  them.  The  products  were  oxycarbu- 


* Ann  ales  de  Chimie,  torn,  xxxiv.  p.  282.  289. 
t Ibid.  tom.  xxxiv.  p.  518. 

1 Journal  dc  Physique,  tom.  Ixiv.  Nicholson’s  Journal,  vol.  xxi. 
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retted  hydrogen  gas,  and  a small  quantity  of  charcoal  depo- 
sited, with  an  empyreumatic,  oily,  and  bituminous  matter, 
and  part  of  this  oil  being  apparently  volatilized  so  as  to 
occasion  loss,  rendered  the  precise  determination  ot  the 
results  more  difficult.  The  gas  itself,  however,  amounted 
to  nine-tenths  of  the  ether  decomposed,  and  hence  its  ana- 
lysis led  to  a very  nigh  approximation  of  the  composition. 
This  gas,  like  that  produced  in  the  decomposition  of  alko- 
hol,  (page  371.)  consumed  in  its  combustion  oxygen  in  the 
proportion  of  3 volumes  to  2 volumes  ot  carbonic  acid  pro- 
duced ; — the  same  therefore  in  this  respect  as  olefiant  gas; 
it  afforded  likewise  a quantity  of  water,  but  less  than  that 
from  alkohol.  The  gas  from  alkohol  is  represented  by  2 of 
olefiant  gas,  and  nearly  1 of  water ; that  from  ether  by  3 of 
olefiant  gas,  and  1 of  water  in  weight.  From  the  results 
by  detonation,  Saussure  inferred,  that  “ ether  is  represent- 
ed by  the  elements  of  100  parts  in  weight  of  olefiant  gas, 
and  25  parts  of  water.”  Pure  alkohol,  it  has  been  already 
remarked,  is  represented  by  100  of  olefiant  gas  and  50  of 
water.  Hence  it  follows,  that  the  agency  of  sulphuric  acid 
in  converting  alkohol  into  ether,  consists  in  its  causing  an 
abstraction  of  the  elements  of  water,  no  doubt  by  their  for- 
mation, conformable  to  the  theory  of  Fourcroy  and  Vau- 
quelin  : 100  parts  of  sulphuric  ether  of  the  specific  gravity 
of  0.7155  at  68°,  this  being  the  state  in  which  it  was  ana- 
lysed by  Saussure,  consist,  according  to  these  results,  of 
carbon  67.98,  oxygen  17.62,  hydrogen  14.40;  and  as  ether 
has  so  weak  an  affinity  to  water,  there  is  no  reason  to  believe 
that  it  retains  much  of  it  in  direct  combination  ; of  course 
not  much  of  this  oxygen  and  hydrogen  exist  in  the  state  of 
water  *.  Gay  Lussac,  from  these  determinations,  and  from 
finding  by  experiment  that  the  vapour  of  sulphuric  ether 
is  2.586,  has  inferred,  that  it  is  composed  of  2 volumes  of 


* Journal  tie  Physique,  tom.  Ixxviii.  Annals  of  Philosophy, 
vol.  iv. 
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olefiant  gas,  and  1 volume  of  aqueous  vapour,  condensed 
into  one  volume  *. 

Sulphuric  Ether,  highly  rectified,  is  the  lightest  known 
liquid.  It  is  obtained  without  difficulty  of  the  specific  gra- 
vity of  .732,  and  by  careful  distillation  has  been  brought  so 
1owt  as  .716  at  65°.  It  is  colourless  and  transparent ; has 
a strong  pungent  taste,  and  a fragrant  penetrating  smell. 

It  is  very  volatile.  It  evaporates  rapidly  at  the  common 
temperature,  and  under  the  common  pressure  of  the  at- 
mosphere. In  vacuo  it  boils  at  a temperature  below  32°  : 
under  the  atmospheric  pressure  it  boils  at  98.  In  its  spon- 
taneous evaporation,  a large  quantity  of  caloric  is  absorb- 
ed, so  as  to  produce  cold  : water  inclosed  in  a small  tube 
may  be  frozen,  by  ether  evaporating  from  a piece  of  mus- 
lin wrapt  round  the  external  surface  of  the  tube  : and  Dr. 
Higgins  has  observed,  that  in  the  rapid  evaporation  of 
ether,  the  temperature  in  frosty  weather  falls  so  low  as 
— 40.  Ether  congeals  at  — 47. 

From  this  volatility  of  ether,  it  enlarges  the  volume  of 
any  elastic  fluid  into  which  it  is  dropt ; the  volume  at  a 
common  natural  temperature  being  doubled,  according  to 
the  observation  of  Priestley,  who  also  observed,  that  the 
etherial  vapour  in  this  case  could  not  be  condensed  by 
cold,  but  was  absorbed  by  water.  The  specific  gravity  of 
the  vapour  of  ether  is  according  to  Gay  Lussac  2.586. 

Ether  is  highly  inflammable,  and,  when  kindled,  burns 
with  a clear  white  flame,  without  any  smoke,  and  without 
leaving  any  residuum,  the  products  of  its  combustion  be- 
ing water  and  carbonic  acid  : the  residual  water  generally 
gives  indications  of  sulphuric  acid,  probably  adventitious. 
From  its  high  inflammability,  its  vapour  diffused  in  the  at- 
mosphere takes  fire ; or  if  a drop  or  two  of  the  ether  be  add- 
ed to  atmospheric  air  or  oxygen  gas,  an  explosion  happens, 
on  the  contact  of  an  ignited  body.  Mr  Cruickshank  found. 

* Amiales  tie  Chimie,  tom.  xcv.  p.  515. 
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that  by  agitating  a little  oxygen  gas  with  sulphuric  ether, 
the  volume  was  doubled : in  this  state  it  did  not  explode; 
but  when  one  part  of  it  was  added  to  three  parts  oi  oxy- 
gen, it  exploded  violently.  It  is  also  kindled  by  hyper- 
oxymuriatic  acid  gas. 

Sulphuric  ether  is  soluble  in  water,  but  only  in  a limited 
proportion  ; the  water  taking  up  about  a tenth  part  ot 
highly  rectified  ether.  When  the  proportion  of  ether  ex- 
ceeds, it  holds  on  the  other  hand  a little  water  dissolved, 
Ether  is  soluble  in  alkohol  in  every  proportion. 

Sulphuric  ether  exerts  no  sensible  action  on  the  fixed 
alkalis  or  earths.  It  unites  with  ammonia  by  distillation. 

Neither  does  it  act  on  the  metals ; but  it  is  capable  of 
decomposing  the  saline  combinations  of  those  that  have  a 
weak  affinity  to  oxygen,  by  attracting  that  principle.  Thus, 
muriate  of  gold  dissolved  in  it  is  gradually  decomposed, 
and  the  gold  precipitated  in  its  metallic  form. 

On  the  simple  inflammables,  its  action  is  similar  to  that 
of  alkohol.  It  dissolves  sulphur,  as  Favre  has  shewn,  one- 
ounce  of  ether  dissolving  about  twenty-five  grains : the 
solution  has  a strong  sulphureous  smell  and  taste  : it  is  less 
soluble  in  water  than  pure  ether,  and  deposites  sulphur  as 
the  ether  volatilizes  *.  Ether  likewise  dissolves  a small 
proportion  of  phosphorus  : this  solution,  like  the  plios- 
phuretted  alkohol,  is  decomposed  by  water,  but  does  not^, 
like  it,  appear  luminous  during  the  decomposition. 

Sulphuiic  ether  is  a solvent  of  many  of  the  vegetable 
proximate  principles,  particularly  essential  oil,  camphor, 
and  resin.  It  is  also  the  most  powerful  solvent  of  caout- 
chouc. In  medicine,  it  is  employed  as  a diffusible  stimu- 
lant. 

Nitric  Ether.  The  action  of  nitric  acid  on  alkohol 
is  so  violent,  that  the  preparation  of  nitric  ether  is  difficult. 


* Nicholson’s  Journal,  rol.  xiii.  p.  fifb 
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One  part  of  the  acid  may  be  added  gradually  to  three>parts 
of  alkohol  without  risk  ; after  standing  for  some  days,  to 
admit  of  their  reciprocal  action,  heat  may  be  applied,  and 
a portion  of  nitric  ether  distils  over,  with  a quantity  of 
unchanged  alkohol.  A preparation  of  this  kind  has  been 
known  in  pharmacy,  under  the  name  of  Sweet  Spirit  of 
Nitre.  But  wnen  the  proportion  of  acid  is  increased,  the 
action  becomes  violent ; elastic  fluid  is  disengaged  at  each 
addition  ; and  it  requires  particular  arrangements  to  admit 
of  so  much  acid  being  added  as  is  sufficient  to  convert  the 
whole  alkohol  into  ether. 

A method  proposed  by  Navier  is,  to  put  into  a strong 
earthen-ware  bottle  twelve  parts  of  alkohol,  and  immerse 
it  in  water  or  ice;  eight  parts  of  nitrous  acid  are  added  in 
successive  portions,  mixing  by  agitation  at  each  addition  ; 
the  bottle  is  well  corked,  tied  over,  and  put  aside  in  a cool 
place.  At  the  end  of  six  days,  the  cork  is  to  be  perforated, 
to  allow  a quantity  of  gas  retained  by  compression,  to  es- 
cape. The  bottle  is  then  uncorked,  the  liquid  poured  in- 
to a funnel,  and  the  acid  liquor  beneath  is  allowed  to  run 
off  from  the  ether  which  swims  above.  A similar  method, 
less  hazardous,  was  employed  by  Dr  Black.  He  poured 
into  a strong  bottle  six  ounces  of  alkohol ; then,  by  a fun- 
nel, the  tube  of  which  reached  to  the  bottom  of  the  bottle, 
two  ounces  of  water  were  poured  in  gently,  so  that  it  did  not 
mix  with  the  alkohol,  but  raised  it  above  it ; and,  lastly, 
four  ounces  of  nitrous  acid  were  added  in  the  same  man- 
ner, so  that  the  column  of  water  was  interposed  between  it 
and  the  alkohol.  The  phial  was  set  aside  in  a cool  place: 
the  water  attracted  the  alkohol  at  the  one  surface,  the  acid 
at  the  other,  and  thus  brought  them  gradually  together, 
so  as  to  admit  of  their  reciprocal  action  without  violence. 
At  the  end  ot  a few  months  nitric  ether  was  formed,  and 
floated  above  the  liquor,  and  might  be  withdrawn  and  rec- 
tified by  distillation. 

Other  methods  have  been  employed.  The  process  of 
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Woulfe  consists  in  connecting  a high-necked  tubulated  re- 
tort or  matrass  with  a receiver,  connected  by  a tube  with 
a range  of  tubulated  bottles,  in  which  water  or  alkohol  is 
put ; eight  ounces  of  alkohol  are  poured  into  the  retort,  and 
six  ounces  of  nitrous  acid  are  added  in  successive  portions. 
At  each  addition  after  the  first,  there  is  a disengagement 
of  gas,  and  at  the  end  of  the  operation  nitric  ether  is  found 
to  have  been  formed  and  volatilized  by  the  heat  produced 
by  the  mutual  action  of  the  acid  and  alkohol : it  is  collect- 
ed in  the  receiver,  and  may  be  rectified  by  mixing  it  with 
water,  and  distilling  it.  The  alkohol  in  the  bottles  contains 
a portion  of  it  also,  and  may  be  employed  in  a repetition 
of  the  process.  Woulfe  afterwards  modified  his  process, 
by  using  alkohol,  nitre,  and  sulphuric  acid,  four  pounds 
of  nitre  being  put  into  the  retort,  and  a mixture  of  4 lbs. 
of  sulphuric  acid,  and  3 lbs.  5 ounces  of  alkohol,  being  add- 
ed to  it,  in  quantities  not  exceeding  two  ounces  at  a time, 
and  only  after  the  disengagement  of  elastic  fluid  from  the 
previous  addition  has  ceased.  Pelletier  has  observed,  that 
after  repeating  all  the  processes  for  the  preparation  of  ni- 
tric ether,  he  found  this  to  succeed  best ; nor  could  he  dis- 
cover in  the  product  of  it  the  most  minute  portion  of  sul- 
phuric acid  *.  Thenard  employed  a process  similar  to 
the  original  one  of  W oulfe ; he  mixes  equal  weight  of  al- 
kohol and  nitric  acid  in  a retort  connected  with  a ransre  of 
bottles,  containing  a saturated  solution  of  muriate  of  soda, 
kept  cool  by  a mixture  of  ice  and  salt,  checking  the  action 
when  it  becomes  violent,  by  pouring  cold  water  on  the  re- 
tort. The  gaseous  product  is  transmitted  through  the  li- 
quor in  the  receivers  : the  nitric  ether  is  thus  condensed  ; it 
floats  above  the  saline  solution,  is  withdrawn,  and  freed 
from  a portion  of  acid  by  agitation  with  lime.  The  incon- 
densible gas  is  collected  at  the  end  of  the  apparatus  in  an 
inverted  jar  f. 

* Memoires  de  Chiraie,  tom.  i.  p.  99. 

+ Memoires  d’Arcueil,  tom.  i.  p.  86. 
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The  theory  of  the  formation  of  nitric  ether  is  even  more 
obscure  than  that  of  sulphuric  ether.  It  is  sufficiently  as- 
certained, however,  that  the  acid  is  decomposed ; nitric 
oxide  gas  is  disengaged  ; and  Pelletier  found,  that  in  fol- 
lowing the  process  of  Woulfe,  the  decomposition  was  com- 
plete, nitric  acid  not  being  discoverable,  either  in  the  li- 
quor which  passed  over,  or  in  the  residuum.  This  appears, 
too,  from  some  experiments  by  Bayen.  He  found  that 
after  digestion  of  one  part  of  the  acid  with  two  of  alkohol, 
for  five  weeks,  the  liquor  was  not  capable  of  saturating 
half  the  quantity  of  an  alkali  that  the  acid  previous  to  its 
mixture  would  have  done : and  if  heat  were  applied,  and 
the  product  and  residual  liquor  mixed  after  distillation, 
the  whole  saturated  only  an  eighth  of  the  original  quantity. 
And  as  a quantity  of  oxalic  acid  is  formed  in  the  process, 
it  would  contribute  to  this  effect ; so  that  nearly  the  whole 
of  the  nitric  acid  had  suffered  decomposition  *.  There  is 
also  in  the  formation  of  nitric  ether  a decomposition  of  the 
alkohol,  as  in  the  residual  liquor  oxalic  and  acetic  acids 
are  found,  but  there  is  no  deposition  of  carbonaceous  mat- 
ter, as  there  is  in  the  formation  of  sulphuric  ether,  the  re- 
sidual liquor  being  transpai’ent,  and  of  a light  colour. 

The  theory  of  the  formation  of  nitric  ether  has  been  more 
fully  investigated  by  Thenard,  in  his  experimental  researches 
on  the  different  ethers  f.  In  its  formation  a large  quantity 
of  elastic  fluid  is  disengaged,  which  has  an  etherial  smell, 
is  combustible,  becomes  slightly  red  when  mixed  with  oxy- 
gen gas,  precipitates  but  very  slightly  lime  water,  or  bary- 
tic  water,  reddens  strongly  infusion  of  litmus,  and  dissolves 
rapidly  in  water,  leaving  only  a small  residue  of  nitrogen 
and  nitric  oxide.  When  passed  through  a series  of  bottles 
cooled  by  a mixture  of  ice  and  muriate  of  lime,  it  dimi- 


* Opuscules  Chimiques,  tom.  1.  p.  584. 
t C Memoires  de  la  Societe  d’Arcueil,  toin.  i. 
£ Nicholson’s  Journal,  vol.  xviii. 
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nishes  greatly  in  volume,  and  deposites  a considerable 
quantity  of  ether.  When  examined  after  this,  it  burns  not 
slowly  as  before,  but  the  combustion  extends  quickly 
through  the  whole  mass ; when  agitated  after  combustion 
with  water,  a quantity  is  absorbed,  and  the  remaining  gas 
supports  combustion.  From  these  qualities  Thenard  in- 
fers, that  this  elastic  fluid  consists  of  a little  nitrogen,  ni- 
tric oxide,  and  carbonic  acid  gases  ; of  larger  proportions 
of  ether,  and  nitrous  oxide  gas ; and  of  a quantity  of  acid 
partly  nitric  partly  acetic,  which  these  gases  hold  dissolved, 
but  so  intimately  combined  with  the  ether,  as  not  to  be 
easily  separated  from  it,  even  by  the  action  of  alkalis. 

The  nitric  ether  itself,  obtained  during  the  distillation 
in  the  liquid  state,  is  always  acid.  This  acid,  partly  ni- 
tric partly  acetic,  can  be  abstracted  by  agitation  with 
lime ; but  what  is  singular,  after  this  has  been  done,  so 
that  the  ether  does  not  redden  litmus,  it  recovers  acidity 
on  distilling  it,  or  on  keeping  it  for  some  time.  This  The- 
nard lound  to  be  owing  to  the  production  both  of  nitrous 
and  acetic  acids  ; a proof  that  their  elements  enter  into  the 
composition  of  the  ether  even  in  its  pure  form. 

By  analysing  pure  nitric  ether,  by  passing  it  through  an 
ignited  porcelain  tube,  Thenard  obtained  water  with  a 
little  prussic  acid,  carbonic  acid,  a small  quantity  of  car- 
bonaceous matter,  and  a large  quantity  of  elastic  fluid,  con- 
sisting of  nitrogen,  carbon,  and  hydrogen.  From  the  known 
composition  of  the  products  of  the  decomposition,  he  infers, 
that  100  parts  of  nitric  ether  consist  of  16.41  of  nitrogen, 
39.27  of  carbon,  34.73  of  oxygen,  and  9.59  of  hydrogen  *. 

From  a comparison  of  all  these  facts,  he  infers,  that  the 
oxygen  of  the  nitric  acid  combines  with  a large  proportion 


* These  proportions,  in  a subsequent  memoir,  he  states  at  14.49 
of  nitrogen,  28.65  of  carbon,  48.52  of  oxygen,  anti  8.54  of  hy- 
drogen. 
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of  the  hydrogen,  and  a small  quantity  of  the  carbon  of  the 
alkohol,  whence  result,  Is/,  Water  and  nitrous  oxide,  and 
small  quantities  of  carbonic  acid,  nitrous  acid,  and  nitric 
oxide;  2 dly , The  separation  of  a small  quantity  of  nitro- 
gen, and  the  formation  of  nitric  ether  by  the  combination 
in  large  quantity  of  the  two  elements  of  the  nitric  acid, 
with  the  alkohol  from  which  the  large  proportion  of  hy- 
drogen and  small  proportion  of  carbon  have  been  abstract- 
ed ; 3c%,  The  formation  of  acetic  acid,  by  the  combination, 
in  certain  proportions,  of  the  hydrogen  and  carbon  of  the 
alkohol  with  the  oxygen  of  the  nitric  acid. 

Nitric  ether  has  some  resemblance  in  properties  to  sul- 
phuric ether.  It  is  light  and  volatile,  and  when  pure,  has 
these  qualities  even  in  a higher  degree  than  sulphuric  ether. 
It  is  inflammable,  soluble  in  water  and  in  alkohol.  Its 
odour  is  strong,  though  scarcely  so  agreeable  as  that  of 
sulphuric  ether ; in  the  state,  however,  of  what  has  been 
named  Dulcified  Spirit  of  Nitre,  it  is  more  fragrant.  Its 
colour  is  usually  yellow ; but  this,  as  well  as  some  of  its 
other  qualities,  appears  to  be  owing  to  the  presence  of  ni- 
trous acid.  Thus,  when  kept,  it  continues  to  emit  an  elas- 
tic fluid,  and  tinges  the  cork  of  the  phial  yellow  or  red ; 
and  Deyeux  found,  that  when  one  part  of  it  is  mixed  with 
sixteen  parts  of  water  in  a bottle  with  a tube,  the  nitric 
oxide  gas  which  it  contains  is  separated  by  a spontaneous 
effervescence. 

Thenard  having  obtained  it  free  from  acid,  and  in  a more 
concentrated  state  than  that  in  which  it  had  been  formerly 
procured,  has  been  better  enabled  to  ascertain  its  proper- 
ties. He  found  it  to  be  so  volatile  that  it  instantly  evapo- 
rates when  poured  out ; bubbles  of  vapour  rose  from  the 
mass  of  liquid,  when  the  bottle  containing  it  was  held  in 
the  hand  ; and  it  boiled  at  the  temperature  of  70°  under  a 
medium  atmospheric  pressure;  its  odour  is  strong  and  pe- 
netrating ; it  is  lighter  than  water,  on  the  surface  of  which 
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it  floats  like  oil ; it  requires  about  50  parts  of  water  to  dis- 
solve it,  but  combines  with  alkohol  in  every  proportion.  It 
inflames  easily,  and  burns  with  a white  flame. 

When  equal  parts  of  nitric  acid  and  alkohol  are  mixed 
together,  a strong  effervescence  takes  place,  and  a gas  is 
disengaged,  which  is  slowly  absorbed  by  water,  explodes 
when  mixed  with  oxygen  and  kindled,  and  is  decomposed 
by  sulphuric,  nitric,  and  muriatic  acids,  which  disengage 
from  it  nitric  oxide  gas.  It  has  been  named  Nitrous  E- 
therizcd  Gas  by  the  Dutch  chemists,  who  first  took  notice 
of  it,  and  was  regarded  by  them  as  a compound  of  nitric 
ether  and  nitric  oxide  gas.  Thenard  regards  it  as  a mix- 
ture of  elastic  fluids ; and  supposes  that  the  greater  part  of 
the  nitric  oxide  it  affords  when  decomposed,  arises  from 
the  decomposition  of  the  nitric  ether  it  contains. 

Muriatic  Ether.  Chemists  found  it  impracticable  to 
form  an  ether  by  the  action  of  muriatic  acid  on  alkohol. 
By  using,  however,  the  acid  in  a state  of  combination  with 
metallic  oxides,  they  succeeded  more  or  less  completely  in 
forming  a product  approaching  in  its  properties  to  ether. 
And  after  the  discovery  of  oxymuriatic  acid,  Scheele  avail- 
ed himself  of  it  to  attempt  the  formation  of  muriatic  ether, 
by  distilling  muriatic  acid  from  black  oxide  of  manganese, 
receiving  the  gas  in  alkohol,  and  distilling  this  liquid  with 
a very  gentle  heat.  The  success  of  this  process,  however, 
he  found  to  be  imperfect ; and  the  product  approached  ra- 
ther to  an  oil  than  a light  ether.  And  Berthollet  found,  that 
though,  by  passing  a current  of  oxymuriatic  gas  through 
alkohol,  it  was  absorbed,  and  passed  to  the  state  of  muria- 
tic acid,  while  the  alkohol  acquired  an  odour  of  ether, 
which  became  stronger  on  a repetition  of  the  process  ; yet, 
on  repeating  it  a third  and  fourth  time,  this  odour  diminish- 
ed, and  at  length  was  nearly  lost,  the  liquor  having  rather 
the  smell  of  vinegar  ; and  on  distilling  it,  after  a small 
quantity  of  etherial  liquor  passed  over,  there  was  obtained 
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only  a watery  liquor,  which  had  the  odour  of  burnt  sugar  ; 
the  residue  had  the  same  odour,  and  contained  a quantity 
of  acetic  acid  * * * §. 

Scheele  had  also  distilled  muriate  of  soda,  oxide  of  man- 
ganese, sulphuric  acid,  and  alkohol,  to  produce  muriatic 
ether;  and  a similar  process  was  employed  by  Pelletier f; 
but  the  success  of  it  does  not  appear  to  have  been  greater. 
Pelletier  observed,  that  in  adding  an  alkali  to  the  etherial 
liquor  obtained  by  his  process,  an  oily  matter  separates, 
which  floats  on  the  residual  liquor.  According  to  Van 
Mons,  this  oil  is  produced  by  the  action  of  an  excess  ol 
oxy muriatic  acid  on  the  muriatic  ether  ; and  it  is  from  this 
circumstance,  he  affirms,  that  muriatic  ether  cannot  be 
formed  in  sensible  quantity  by  the  process  of  Scheele  and 
Pelletier,  so  that  if  this  action  is  prevented  by  putting  an 
alkaline  solution  into  the  bottles  in  which  the  product  is 
condensed,  muriatic  ether  is  obtained  f. 

Boss  likewise  observed,  that,  by  the  usual  process  with 
oxymuriatic  acid,  muriatic  ether  could  not  be  formed,  but 
only  a heavy  oily  fluid  : And  he  affirmed,  what  now  ap- 
pears to  be  the  case,  that  it  may  be  formed  from  muriatic 
acid.  His  process  is  to  pass  a current  of  muriatic  acid  gas 
from  20  ounces  of  perfectly  dry  muriate  of  soda,  and  10 
ounces  of  sulphuric  acid,  gradually  mixed,  in  a retort, 
through  10  ounces  of  highly  rectified  alkohol,  kept  cook 
The  alkohol  thus  charged  with  acid  is  distilled  to  one  half; 
the  distilled  liquor  is  agitated  with  an  alkaline  solution,  to 
remove  any  superfluous  acid  ; and  the  liquid  which  floats 
above  is  the  muriatic  ether  ||. 

This  subject  has  been  investigated  by  Thenard  §,  who  has 

* Memoires  de  l’Acad.  des  Sciences,  1785,  p.  509, 

t Memoires  de  Chimie,  tom.  i.  p,  142. 
t Philosophical  Magazine,  vol.  vii.  p.  48. 

||  Nicholson’s  Journal,  vol.  v.  p.  221. 

§ Memoires  de  la  Society  d’Arcueil,  tom.  i.  p.  115.557. 
Nicholson’s  Journal,  vol.  xviii. 
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pointed  out  the  causes  of  the  want  of  success  in  the  former 
attempts.  When  the  acid  and  the  alkohol  are  presented 
to  each  other  in  the  elastic  form,  their  elasticity  is  an  ob- 
stacle to  their  intimate  action.  When  they  are  mixed  in 
the  liquid  state,  if  a strong  heat  is  applied,  the  rarefaction 
opposes  the  combinations  that  would  otherwise  be  establish- 
ed ; and,  at  a low  heat,  they  remain  mixed  without  forming 
ether.  It  is  by  preserving  a medium  between  these  that 
the  operation  succeeds.  The  proper  muriatic  ether  exists 
too,  except  at  low  temperatures,  in  the  gaseous  state ; and 
hence,  even  when  it  was  produced  in  former  processes,  the 
greater  part  of  it  was  lost,  without  the  loss  being  perceived. 
The  following  is  the  process  which  Thenard  gives. 

There  are  put  into  a retort,  of  a capacity  not  greater 
than  what  holds  the  mixture  in  the  body  of  it,  equal  parts 
by  measure  of  muriatic  acid  and  alkohol,  each  in  the  high- 
est state  of  concentration  ; they  are  well  mixed,  and  a few 
grains  of  sand  are  put  in,  to  prevent  the  sudden  ebullitions 
that  might  happen  in  the  course  of  the  process.  The  re- 
tort is  exposed  to  the  naked  fire  of  a common  furnace,  sup- 
ported on  a grate  of  iron  wire,  there  being  adapted  to  it  a 
Welther’s  tube  of  safety,  terminating  in  a three-necked 
bottle,  the  capacity  of  which  is  double  that  of  the  retort, 
and  which  is  half  filled  with  water.  The  safety  tube  is  to 
be  immersed  in  the  water  2 or  3 inches  ; a straight  tube  is 
inserted  in  the  middle  orifice  of  the  bottle,  and  a curved 
tube  proceeds  from  the  other,  which  terminates  under  an 
inverted  phial  filled  with  water.  The  heat  is  applied  to 
the  retort  gradually,  and  when  the  liquor  is  brought  to 
boil,  muriatic  ether  gas  is  abundantly  formed.  If  the  pro- 
duction of  gas  cease,  more  may  be  obtained  by  adding  fresh 
alkohol.  The  whole  success  of  the  operation  depends  on 
the  due  regulation  of  the  heat,  as,  if  it  is  either  too  high 
or  too  low,  little  ether  is  formed. 

Muriatic  ether,  thus  obtained  in  the  state  of  gas,  is  co- 
lourless; its  odour  is  etherial,  and  its  taste  saccharine.  It 
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produces  no  change  on  intusion  ol  litmus,  syrup  of  violets, 
or  lime  water.  Its  specific  gravity,  compared  with  that  of 
atmospheric  air,  is  2.219,  under  a mean  pressure,  and  at 
63°  of  Fahrenheit.  Under  this  pressure  and  temperature, 
water  dissolves  its  own  volume  of  it.  Under  the  same  pres- 
sure, but  at  a temperature  of  50,  the  gas  becomes  liquid, 
and  is  obtained  in  that  state  in  the  process  for  forming  it, 
by  causing  it  to  pass  through  long  narrow  vessels,  dry,  and 
surrounded  with  ice. 

Liquid  muriatic  ether  is  limpid  ; it  has  no  action  on  lit- 
mus, or  syrup  of  violets ; its  odour  is  strong,  and  its  taste 
similar  to  that  of  sugar.  Poured  on  the  hand,  it  passes  in- 
to ebullition,  producing  a considerable  degree  of  cold.  Its 
specific  gravity  is  to  that  of  water,  at  the  temperature  of 
39°  of  Fahrenheit,  as  874  to  1000.  It  does  not  congeal 
at  a temperature  of — 22°. 

Some  singular  facts  are  presented  in  the  chemical  con- 
stitution of  this  ether.  No  muriatic  acid  can  be  detected 
in  it ; it  does  not  redden  litmus  ; the  alkalis  have  no  action 
on  it ; and  the  solution  of  silver  is  not  rendered  turbid  by 
it.  But  when  it  is  kindled,  such  a quantity  of  muriatic 
acid  is  produced  or  set  free,  as  to  be  apparent  by  its  fumes 
and  suffocating  odour,  and  to  precipitate  a strong  solution 
of  nitrate  of  silver  in  a solid  mass. 

Thcnard  found,  however,  in  subsequent  researches,  that 
though  muriatic  acid  is  not  immediately  discovered,  yet, 
if  time  be  allowed,  it  appears.  The  alkalis,  or  the  nitrate 
erf  silver,  after  some  days  mixture  with  it,  attract  a small 
portion  of  the  acid,  and  still  more  after  two  or  three  months; 
though  even  at  the  end  of  that  period  the  quantity  is  incon- 
siderable. The  acids  in  the  cold  produce  no  change  in  this 
ether ; but  if,  in  the  state  of  gas,  it  be  passed  through  sul- 
phuric or  nitric  acid,  nearly  at  a boiling  heat,  it  is  decom- 
posed, and  much  muriatic  acid  is  set  free.  The  same  facts 
have  been  established  by  Boullay. 

From  the  quantity  of  acid  which  disappears  in  the  for- 
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mation  of  a given  quantity  of  muriatic  ether,  and  from  the 
products  of  the  combustion  of  the  etherial  gas,  rI  henard 
endeavoured  to  determine  the  proportions  ot  its  elements. 
Those  lie  assigns  are  51.39  of  carbon,  33.03  of  oxygen, 
and  15.08  of  hydrogen,  forming  100  parts  of  a compound, 
with  which  are  combined  41.72  of  muriatic  acid,  forming 
141.72  of  muriatic  ether.  It  does  not  appear  clearly 
whether  the  alkohol  exists  in  it  undecomposed  or  not : 
there  is  no  sensible  precipitation  of  carbonaceous  matter, 
and  therefore  all  or  nearly  all  the  carbon  of  the  alkohol 
must  exist  in  the  ether.  But  it  is  uncertain  whether  this 
is  the  case  too  with  the  hydrogen  and  oxygen,  or  whether 
portions  of  these  combine  and  form  part  of  the  water  ol 
the  residual  liquor.  The  state  of  the  acid  is  not  less  un- 
certain, whether  it  exists  as  such  in  the  ether,  or  whether 
its  elements  only  enter  into  the  composition,  and,  of  course, 
when  the  ether  is  burnt,  or  otherwise  decomposed,  the  acid 
is  reproduced.  To  solve  these  questions,  Thenard  de- 
composed the  gas,  by  transmitting  it  through  an  ignited 
tube ; and  he  obtained,  as  nearly  as  could  be  expected,  all 
the  acid  which  had  gone  to  the  formation  of  the  quantity 
decomposed.  It  is  therefore  not  merely  the  base  of  the 
acid  that  exists  in  the  composition  of  the  acid,  but  all  its 
elements  ; but  whether  these  are  in  simultaneous  combina- 
tion with  the  other  elements  of  the  ether,  or  whether  they 
exist  in  it  as  muriatic  acid,  is  not  apparent.  The  former, 
Thenard  remarked,  might  be  regarded  as  more  probable, 
from  the  consideration,  that  if  the  acid  be  supposed  to 
exist  in  the  ether,  it  must  be  concluded,  what  is  impro- 
bable, that  alkohol,  or  the  elements  of  alkohol,  act  on  mu- 
riatic acid  with  more  energy  than  even  the  alkalis  can, 
since  these  only  decompose  it  slowly  and  partially;  and 
also  from  the  improbability  of  the  circumstance,  that  ni- 
trate of  silver,  which  abstracts  muriatic  acid  from  all 
its  combinations,  should  not  separate  it  from  this  ether, 
if  it  existed  in  it,  or  separate  a small  part  only  after  a 
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long  time.  In  his  subsequent  researches,  however,  on  the 
action  of  acids  on  vegetable  matter,  he  has  maintained  the 
opinion,  that  a number  of  vegetable  substances  combine 
with  acids,  and  neutralize  their  properties  nearly  as  alkalis 
do ; and  this  view  of  the  relation  of  acids  to  vegetable 
matter,  leads  to  the  conclusion,  that  the  acid  exists  fully 
formed  in  muriatic  ether.  Robiquet  and  Colin  have  late- 
ly inferred,  that  muriatic  ether  is  a compound  of  muriatic 
gas  and  olefiant  gas,  equal  volumes  of  each  condensed 
into  one  volume.  The  oily  matter  procured  from  the  ac- 
tion of  oxymuriatic  gas  on  olefiant  gas,  it  has  already  been 
stated,  they  consider  as  a compound  of  equal  volumes  of 
these  gases  condensed  into  one  volume  *. 

Thenard  examined  the  processes  which  had  been  for- 
merly employed  to  form  muriatic  ether,  particularly  those 
in  which  the  oxygenized  metallic  muriates  are  made  to  act 
on  alkohol.  With  muriate  of  tin,  he  found,  that  only  a 
small  quantity  of  ether  is  formed,  and  this  he  supposes  is 
from  the  action  of  the  excess  of  acid  in  the  metallic  mu- 
riate. With  oxymuriatic  acid  no  ether  was  formed  ; there 
was  only  the  production  of  the  oily -like  matter  observed 
by  Scheele,  partly  pure,  and  in  part  dissolved  by  alkohol. 
The  production  of  this  is  accompanied  with  the  formation 
of  water  and  carbonic  acid,  and  the  separation  of  a little 
carbonaceous  matter.  The  oily  matter  is  white,  has  a cool 
penetrating  taste,  and  a peculiar  odour,  not  etherial ; it  is 
heavier  than  water  and  more  volatile  ; it  is  soluble  in  wa- 
ter in  small  proportion,  and  is  abundantly  soluble  in  al- 
kohol. Thenard  considers  it  as  a compound  of  muriatic 
acid  with  a species  of  vegetable  matter,  and  as  one  of  a 
numerous  scries  of  compounds  in  which  vegetable  matter 
neutralizes  acidity. 

It  appears  from  these  researches,  that  muriatic  ether  had 
not  been  before  known  to  chemists  in  its  pure  form.  The- 
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nard  has  remarked,  however,  that  Gehlen  had  formed  it, 
by  distilling  a mixture  of  concentrated  muriate  ot  tin  and 
alkohol,  and  a mixture  of  muriate  of  soda,  alkohol,  and 
sulphuric  acid  ; he  had  even  described  its  principal  pro- 
perties, but  without  having  investigated  its  constitution. 

Boudet  has  given  a process  for  the  preparation  of  Phos- 
phoric Ether.  He  mixed  liquid  phosphoric  acid  ol  a 
thick  consistence  and  alkohol  in  equal  proportions,  in  a 
tubulated  retort,  connected  with  a receiver  and  an  W oulfe’s 
bottle  filled  two-thirds  with  lime-water  : heat  was  applied* 
so  as  to  cause  the  mixture  to  boil ; a portion  of  unchanged 
alkohol  first  distilled  ; this  was  succeeded  by  a liquor  hav- 
ing an  etherial  odour,  which  reddened  slightly  the  syrup 
of  violets : when  rectified  by  distillation,  from  carbonate 
of  magnesia,  the  product  was  colourless,  and  had  an  odour 
similar  to  that  of  sulphuric  ether:  it  was  volatile  and  in- 
flammable, its  combustion  not  being  accompanied  with  any 
smoke.  It  floated  on  the  surface  of  water,  but  by  agita- 
tion with  it,  was  dissolved.  It  dissolved  the  volatile  oils, 
and  also  phosphorus.  Its  specific  gravity  was  to  that  of 
alkohol,  as  94  to  100.  After  its  production,  when  the  heat 
was  much  raised,  a quantity  of  oily  matter  distilled  over, 
and  carburetted  hydrogen  was  disengaged.  The  residual 
liquor  was  brown,  and  contained  much  phosphoric  acid  *. 

Another  process  was  described  by  Boullay  f . It  con- 
sists in  dropping  alkohol  on  an  equal  weight  of  phospho- 
ric acid  of  the  consistence  of  honey,  previously  heated  to 
246  of  Fahrenheit.  The  mixture  takes  place  with  violence 
and  ebullition.  A receiver  being  connected  with  the  re- 
tort, which  is  kept  cold  by  a mixture  of  ice  and  salt,  dis- 
tillation is  performed.  Alkohol  passes  over,  with  an  ethe- 
rial fluid,  a portion  of  water,  an  oily-like  fluid,  and  a liquid 


* Annales  lie  (Jliimie,  tom.  xl.  p.  12 5. 
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of  an  extremely  foetid  smell,  which  reddens  litmus  from 
the  presence  of  acetic  acid.  The  two  first  products  being 
collected,  arc  rectified  by  distillation  from  dried  muriate 
of  lime.  A liquid  is  thus  procured,  which  in  smell  and 
taste  lias  the  greatest  resemblance  to  sulphuric  ether,  is  of 
the  same  specific  gravity,  dissolves  in  8 or  10  parts  of  wa- 
ter, evaporates  quickly,  boils  at  100°,  and  burns  with  a 
whitish  flame,  leaving  a carbonaceous  residuum  without 
any  trace  of  acid.  Phosphoric  ether  therefore  resembles 
sulphuric  ether,  in  containing  none  of  the  acid  employed 
in  its  preparation  : and  hence,  ethers  appear  to  form  two 
classes,  one  including  those  formed  from  the  fixed  acids, 
the  sulphuric  and  phosphoric,  the  acid  only  causing  their 
production  without  entering  into  the  composition  of  the 
product ; the  other  comprehending  the  ethers  formed  by 
the  volatile  acids,  into  the  composition  of  which  a portion 
of  the  acid  seems  always  to  enter. 

Fluoric  Ether  has  been  said  to  be  formed  by  putting 
fluate  of  lime,  previously  ignited  and  in  powder,  into  a re- 
tort, with  equal  weights  of  alkohol  and  sulphuric  acid,  and 
distilling  to  dryness.  The  product  of  this  distillation  be- 
ing distilled  to  one  half,  and  a portion  of  acid  abstracted 
from  it  by  a solution  of  potash,  on  being  again  distilled, 
afforded  an  ether  of  the  specific  gravity  of  0.720,  which 
burnt  with  a blue  flame,  and  had  a bitter  taste.  It  resem- 
bles sulphuric  ether  ; and  it  is  not  improbable,  that  it  may 
be  this  ether  disguised  *. 

Acetic  Ether  has  been  known  for  a considerable  time, 
Lauraguais  having  given  in  1759  the  process  for  preparing 
it,  by  distilling  alkohol  with  the  concentrated  acetic  acid 
procured  by  the  decomposition  of  acetate  of  copper  by  heat. 
Scheelc  affirmed,  that  it  cannot  be  formed  without  the  in- 
tervention of  a mineral  acid  ; but  Pelletier  observed,  that 
it  is  procured  with  certainty,  by  distilling  alkohol  repeat- 
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edly  from  the  acetic  acid.  The  alkohol  at  first  acquiie^ 
an  etherial  odour,  but  is  miscible  with  water  ; by  return- 
ing it  on  the  residual  liquor,  distilling  it,  and  repeating 
this  for  a third  time,  this  odour  becomes  stronger : the  a- 
cid  contained  in  the  product  is  saturated  by  adding  car- 
bonate of  potash  ; and,  by  distillation,  there  is  procured  a 
pure  acetic  ether,  in  quantity  about  half  of  the  alkohol 
employed  *.  Henry  has  also  proved,  that  this  process 
succeeds  perfectly  f,  and  Thenard  has  obtained  by  it  an 
acetic  ether.  According  to  Pelletier,  acetic  ether  may 
likewise  be  formed  by  distillation,  from  a mixture  of  sul- 
phuric acid,  acetate  of  copper,  and  alkohol;  and  Ileniy 
found  the  ether  thus  produced  to  be  the  same  as  that  ob- 
tained by  the  preceding  process.  According  to  Laplanche, 
it  may  also  be  obtained  from  a mixture  of  sulphuric  acid, 
alkohol,  and  acetate  of  lead. 

In  the  formation  of  acetic  ether  by  the  first  of  these  pro- 
cesses, Thenard  found,  that  if  the  distillation  of  the  two 
ingredients  be  repeated  a sufficient  number  of  times,  nearly 
the  whole  alkohol  is  converted  into  ether,  and  a great  part 
of  the  acetic  acid  is  decomposed.  He  concludes,  that  ace- 
tic ether  consists  of  the  principles  of  the  acid,  or  rather  of 
the  acid  itself  united  with  those  of  the  alkohol,  without  the 
formation  of  any  other  compound  f . Though  it  is  formed 
by  the  action  of  acetic  acid  alone,  it  is  produced,  he  found, 
with  more  facility  when  a portion  of  a mineral  acid  is  add- 
ed. From  a mixture  of  30  parts  of  alkohol,  20  of  acetic 
acid,  and  5 of  sulphuric  acid,  it  is  formed  almost  without 
heat,  nearly  the  whole  of  the  acetic  acid  disappears,  and 
the  etherial  product  is  easily  rectified  by  distillation  from 
potash.  Nitric  and  muriatic  acids  have  a similar  effect, 
but  require  to  be  used  in  a larger  proportion  ; phosphoric 


* Memoires  de  Chimie,  tom.  i.  p.  257. 
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acid,  as  it  is  not  soluble  in  alkohol,  does  not  succeed,  but 
the  phosphorous  acid  does  with  considerable  facility ; and 
the  effect  in  all  these  cases  appears  to  be  owing  to  the  mi- 
neral acid  condensing  the  alkohol,  and  thus  subjecting  it 
to  the  action  of  the  acetic  acid,  which  combines  with  it  *. 

Acetic  ether  has  an  agreeable  odour,  etherial,  but  in 
which  the  smell  of  acetic  acid  is  perceptible ; its  taste  is 
peculiar;  its  specific  gravity  is  866.  It  evaporates  when 
exposed  to  the  air,  and  boils  at  128°.  It  burns  with  a 
yellowish  white  flame ; acetic  acid  appears  during  the  com- 
bustion ; yet  no  acidity  can  be  discovered  by  the  test  of 
litmus  in  the  ether  itself.  It  is  soluble  in  water,  requiring 
about  times  its  weight  for  its  solution.  In  this  aqueous 
solution  no  acid  is  developed ; but  if  an  alkali  be  added, 
the  odour  and  taste  of  the  ether  disappear,  and  the  alkali 
is  saturated  ; after  this,  if  it  be  subjected  to  distillation,  al- 
kohol much  diluted  is  obtained,  and  the  acetate  of  the  al- 
kali employed  remains ; a presumptive  proof  of  the  theory 
of  the  constitution  of  this  ether  given  by  Thenard. 

Thenard  has  examined  the  action  of  the  other  vegetable 
acids  on  alkohol,  to  ascertain  if  they  form  ethers.  The 
tartaric,  citric,  malic,  benzoic,  oxalic,  and  gallic  acids, 
dissolve  in  it,  but  they  produce  no  chemical  change,  how- 
ever frequently  the  alkohol  may  be  distilled  from  them. 

If  alkohol,  however,  be  subjected  at  the  same  time  to 
the  action  of  the  vegetable  acids,  and  of  a mineral  acid, 
as  the  muriatic  or  sulphuric,  new  combinations  are  esta- 
blished, as  Thenard  has  shewn  f,  and  products  are  formed 
in  which  the  vegetable  acid  exists  with  its  properties  neu- 
tralized, but  without  any  of  the  mineral  acid  in  the  com- 
position. The  latter  appears  therefore  by  condensing  the 
alkohol  to  favour  its  action  on  the  vegetable  acid  ; and  this 
action,  llienard  concludes,  is  that  of  neutralizing  it,  near- 


* Memoires  tl’Arcueil,  tom.  ii.  p.  16. 
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Iy  as  acidity  is  neutralized  by  an  alkaline  base.  These 
products  can  scarcely  be  regarded  as  of  an  etherial  nature. 
That  obtained  by  the  action  of  benzoic  acid,  aided  by  mu- 
riatic acid,  on  alkohol,  Thenard  found,  when  treed  from 
free  benzoic  acid,  to  be  of  an  oily  appearance,  heavier  than 
water,  acrid  and  volatile ; nearly  insoluble  in  cold  water, 
but  somewhat  soluble  in  hot  water,  and  soluble  in  alkohol. 
The  products  from  oxalic,  citric,  and  malic  acids,  their 
action  on  alkohol  being  aided  by  sulphuric  acid,  are  ol  a 
similar  nature, — oily  in  appearance,  imperfectly  soluble  in 
water,  and  soluble  in  alkohol.  That  from  tartaric  acid  is 
of  the  consistence  of  syrup.  These  substances  are  decom- 
posed, though  with  difficulty,  by  the  alkalis,  and  the  ve- 
getable acid  from  which  they  have  been  formed,  is  obtain- 
ed in  combination  with  the  alkali. 


To  the  vinous  fermentation  probably  belongs  that  fer- 
mentation which  takes  place  in  the  raising  ol  bread.  A 
small  quantity  of  yeast  is  mixed  with  the  flour  ; or  a quan- 
tity of  the  flour  of  wheat  is  mixed  with  hot  water,  allowed 
to  stand  for  a day  or  two,  and  is  then  used  as  a ferment. 
A portion  of  it,  or  of  the  yeast,  is  mixed  with  flour  into 
a soft  paste,  and  is  kept  in  a warm  place;  it  swells,  be- 
comes spongy  from  the  extrication  of  air,  and,  were  the 
fermentation  allowed  to  continue,  would  become  sour.  A 
small  quantity  of  this  leaven,  as  it  is  named,  is  mixed  with 
the  dough  from  which  the  bread  is  to  be  baked : fermen- 
tation  is  thus  excited,  and  the  gas  extricated  raises  the 
dough.  It  is  checked  by  the  baking ; but  its  effects  re- 
main, and  give  rise  to  the  sponginess  and  lightness  of  well- 
baked  bread.  The  bread  fermented  with  yeast  is  less  liable 
to  become  sour  than  where  the  ferment  from  flour  merely 
is  used. 

Though  some  chemists  have  considered  this  as  a pecu- 
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liar  species  of  fermentation,  there  can  be  little  doubt  that 
It  is  analogous  to  the  vinous.  Dr  Pennington  had  denied 
this,  from  finding,  that,  on  submitting  dough  to  the  action 
of  yeast  for  three  quarters  of  an  hour,  and  then  subjecting 
it  to  distillation,  it  gave  merely  water,  without  any  spirit. 
But,  as  Mr  Collier  remarked,  this  can  only  prove,  that  a 
complete  fermentation  is  not  necessary  to  raise  bread.  It 
may  proceed  so  far  as  to  produce  that  effect,  by  the  extri- 
cation of  carbonic  acid,  and  yet  not  fully  convert  the  fe- 
cula  into  alkohol.  And  he  found,  that,  on  subjecting  wort 
for  the  same  length  of  time  to  the  action  of  yeast,  though 
it  exhibited  every  sign  of  fermentation,  it  gave  no  spirit 
by  distillation  *.  That  ii  is  the  vinous  fermentation  which 
occurs,  is  also  proved  by  the  fact,  that,  if  not  checked,  it 
runs  into  the  next  stage  of  fermentation,  the  acetous,  as 
is  evident  from  the  bread  becoming  sour,  and  from  its  pe- 
culiar smell  in  this  state.  It  is  curious  that  new  flour  docs 
not  afford  bread  of  such  good  quality  as  that  which  has 
been  kept  some  months.  The  flour  of  grain  too,  which 
has  suffered  incipient  germination,  is  much  inferior  in  the 
quality  of  the  bread  prepared  from  it : and  from  this  prin- 
cipally appears  to  arise  the  injury  which  wheat  sustains 
from  a wet  harvest.  Various  methods  have  been  employ- 
ed to  remedy  the  imperfections  of  bread  from  inferior 
flour,  such  as  washing  the  grain  with  hot  water  if  it  is 
musty,  proposed  by  Mr  Hatchet;  drying  and  heating  it 
even  to  a certain  extent;  adding  various  substances,  such 
as  magnesia,  &c.  Some  experiments  on  this  subject  have 
been  given  by  Mr  E.  Davy,  and  by  a Commission  of  the 
Academy  of  Sciences  f. 

* Manchester  Memoirs,  vol.  v.  p.  255. 
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Sect.  II. — of  the  acetous  fermentation. 

If  liquors  which  have  undergone  the  vinous  fermenta- 
tion be  kept  at  a temperature  not  much  below  60°,  and 
with  the  air  not  entirely  excluded,  they  gradually  suffer 
another  change  ; they  lose  their  vinous  flavour,  pungency, 
and  intoxicating  quality,  and  become  sour.  Chemists  have 
considered  this  as  a second  stage  in  the  general  process  of 
fermentation ; have  named  it  the  Acetous ; and  the  pro- 
duct forms  Vinegar  or  Acetic  acid. 

Not  only  do  vinous  liquors  suffer  this  change,  but  every 
substance  susceptible  of  the  vinous  can  pass  into  the  ace- 
tous fermentation.  Hence,  sugar,  dissolved  in  water,  sweet 
vegetable  juices,  or  infusions  of  grain  that  have  been  malt- 
ed, can  be  converted  into  vinegar.  Fecula,  even  without 
the  previous  process  of  malting,  is  susceptible  of  it:  for, 
in  the  process  of  starch-making,  a quantity  of  vinegar  is 
formed,  not  merely  from  the  small  portion  of  saccharine 
matter  in  the  grain,  but  likewise,  as  Vauquelin,  in  his  ana- 
lysis of  the  sour  liquors  of  the  starch- makers,  has  remark- 
ed, from  the  fecula  itself*.  Even  substances  which  are 
not  susceptible  of  the  vinous  fermentation,  may  suffer  the 
acetous.  The  contrary  opinion  was  indeed  formerly  main- 
tained, the  acetous  being  regarded  as  a continuance  of  the 
vinous  fermentation,  and  as  necessarily  preceded  by  it. 
But  it  often  happens  where  the  former  cannot  be  traced, 
and  where  there  is  no  reason  to  suppose  that  it  ever  did 
exist,  as  in  vegetable  juices  or  infusions  containing  muci- 
laginous with  scarcely  any  saccharine  matter. 

Nor  is  pure  alkohol,  in  any  state  of  dilution,  capable  of 

* Annales  de  Chimie,  tom.  xxxviii.  p.  2 61, 
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undergoing  the  acetous  fermentation  ; there  must  be  pre- 
sent other  vegetable  principles,  as  sugar,  mucilage,  01  la- 
rinaceous  matter.  Even  a certain  proportion  of  these  is 
requisite.  Hence  strong  wines  do  not  become  so  readily 
sour  as  weak  wines ; for  the  same  reason  wine  that  has 
been  clarified  is  less  liable  to  ferment ; and  strong  wines 
can  be  made  to  pass  into  the  acetous  fermentation  moie 
easily,  by  adding  to  them  sugar  or  mucilage.  Even  the 
vegetable  acids  appear  to  contribute  to  it,  and  in  the  con- 
version of  sweet  vegetable  juices  into  vinegar,  there  is  rea- 
son to  believe  that  the  malic  and  tartaric  acids  they  contain 
pass  into  the  acetic  acid. 

The  addition  of  some  substances  which  act  as  ferments, 
is  also  requisite.  It  is  true,  that  wine  and  other  ferment- 
ed liquors  become  sour ; but  this  is  from  their  containing 
a portion  of  matter  analogous  to  ferment,  which  excites 
the  change.  In  preparing  vinegar,  it  is  known  that  a cer- 
tain quantity  of  such  matter,  deposited  irom  a liquor  that 
has  previously  passed  into  vinegar,  or  a quantity  of  yeast, 
must  be  added ; and  there  is  reason  to  believe,  that  it  is 
vegetable  gluten  which  is  the  essential  principle  ol  these 
ferments.  Fourcroy  and  Vauquelin  found,  that  when  su- 
gar was  added  to  water  which  had  stood  over  the  gluten  of 
wheat,  it  quickly  formed  vinegar ; and  Berthollet  obtained 
the  same  result  from  a mixture  of  gluten  and  starch  *. 
This  principle,  Vauquelin  remarks,  contributes  to  the  for- 
mation of  vinegar  in  the  liquor  formed  in  the  manufacture 
of  starch  ; and  the  matter  contained  in  common  vinegar 
from  malted  "rain,  which  renders  it  so  liable  to  a kind  of 
putrefaction,  is,  according  to  this  chemist,  vegetable  gluten. 

The  admission  of  atmospheric  air  is  essential  to  the  ace- 
tous fermentation.  Hence  wines  that  are  well  bottled  may 
be  kept  a long  time  uninjured,  while  the  more  free  the  ex- 
posure to  the  air  is,  they  become  the  sooner  sour.  The 
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oxygen  of  the  air  is  absorbed.  According  to  Saussure,  it 
does  not  enter  into  the  composition  of  the  acetic  acid,  but 
is  expended  in  abstracting  carbon,  and  forming  carbonic 
acid.  In  keeping  wine  in  contact  with  oxygen  gas  for  a 
year  in  receivers  closed  with  mercury,  he  found  it  convert- 
ed into  vinegar  ; but  the  diminution  of  the  volume  of  the 
gas  never  exceeded,  but  was  inferior  to,  the  volume  of  the 
wine;  hence,  as  he  inferred,  the  oxygen  had  combined 
with  carbon  so  as  to  form  carbonic  acid,  which  had  been 
•absorbed  by  the  liquor.  And  he  found,  that  when  he 
made  the  experiment  with  wine  previously  impregnated 
with  carbonic  acid  gas,  this  wine,  under  the  same  circum- 
stances, was  equally  converted  into  vinegar,  but  without 
the  volume  of  the  elastic  fluid  above  it  being  changed  ; the 
oxygen  consumed  being  replaced  by  an  equal  volume  of 
carbonic  acid  gas  *. 

A certain  temperature  is  requisite  to  the  acetous  fermen- 
tation. It  takes  place  slowly,  below  60 ; but  it  proceeds 
with  more  rapidity  between  60  and  80 ; and  in  forming 
vinegar  artificially,  the  temperature  is  kept  high.  If  it  fall 
below  50,  it  is  checked ; hence  wines  can  be  longer  pre- 
served by  being  kept  below  this  temperature. 

The  phenomena  which  occur  in  the  acetous  fermenta- 
tion are  analogous  to  those  in  the  vinous.  When  it  is  pro- 
ceeding rapidly,  there  is  an  intestine  motion,  not  accom- 
panied, however,  with  such  a disengagement  of  elastic  fluid 
as  in  the  vinous  fermentation ; the  liquor  is  turbid,  and  its 
temperature  rises  ; its  smell  becomes  acetous.  These  ap- 
pearances at  length  subside,  and  the  liquor  gradually  be- 
comes clear,  having  deposited  a kind  of  glutinous  sedi- 
ment similar  to  yeast. 

The  theory  of  the  acetous  fermentation  is  not  complete- 
ly elucidated.  Since  the  strength  of  the  acid  formed  by 
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it  is  proportional  to  the  quantity  of  alkohol,  or  of  matter 
of  a composition  analogous  to  alkohol,  and  since  this  al- 
kohol disappears  during  the  fermentation,  Lavoisier  sup- 
posed that  the  theory  of  the  process  might  be  inferred  from 
the  changes  which  this  principle  can  be  supposed  to  suffer  ; 
and,  as  he  found  that  oxygen  is  absorbed,  while  scarcely 
any  sensible  quantity  of  carbonic  acid  is  extricated,  he  con- 
cluded, that  the  acetous  fermentation  consists  in  the  oxy- 
genation of  the  alkohol.  It  the  experiments  of  Saussure 
be  correct,  in  proving  that  as  much  carbonic  acid  is  form- 
ed as  corresponds  with  the  quantity  of  oxygen  consumed, 
the  theory  of  Lavoisier  would  require  to  be  so  far  modified, 
as  to  ascribe  the  change  of  alkohol  into  vinegar  rather  to 
the  abstraction  of  carbon  than  the  fixation  of  oxygen ; 
thus  leaving  a larger  proportion  of  the  latter  principle  in 
the  composition  of  the  acetic  acid. 

This  view  cannot,  however,  be  received  as  altogether 
just,  since  alkohol  alone  cannot  undergo  this  change,  nor 
can  it  by  oxygenation  be  converted  into  acetic  acid ; and 
since  the  presence  of  mucilage,  saccharine  matter,  or  other 
principles,  is  always  necessary  to  the  acetous  fermentation, 
the  operation  of  which  is  not  explained  by  the  theory. 
Neither  does  it  explain  the  action  of  the  ferment,  which 
appears  to  be  equally  indispensable.  If  nitrogen  enters 
into  the  composition  of  acetic  acid,  as  has  been  supposed, 
the  operation  of  the  ferment  may  be  partly  that  of  afford- 
ing this  element.  The  series  of  changes  in  the  acetous 
appear  to  be  similar  to  those  in  the  vinous  fermentation, 
only  that  from  the  action  of  the  oxygen  of  the  atmosphe- 
ric air,  a more  oxygenated  product  is  formed,  whence  pro- 
bably its  acidity. 

Vinegar,  the  product  of  the  acetous  fermentation,  is 
prepared  in  different  countries  from  different  materials. 
Where  the  grape  is  cultivated,  it  is  obtained  from  weak 
or  sour  wine.  This  is  kept  in  a proper  temperature  with 
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the  access  of  the  air,  and  the  fermentation  is  excited  by  the 
addition  of  a quantity  of  the  sediment  of  vinegar,  of  wine 
already  sour,  or  of  the  lees  of  such  wine.  The  product  is 
stronger  in  proportion  to  the  previous  strength  of  the  wine. 
In  this  country  it  is  prepared  from  unrefined  sugar,  or 
from  the  wort  obtained  by  infusion  from  malted  grain ; 
the  fermentation  being  excited  by  yeast.  This  vinegar  is 
inferior  in  strength  and  purity  to  that  from  wine,  and  is 
more  liable  to  become  mouldy,  or  suffer  the  putrefactive 
fermentation.  This  appears  to  be  owing  to  the  presence 
of  glutinous  matter ; hence  the  rationale  of  the  method 
which  Scheele  pointed  out  for  preserving  vinegar,  that  of 
heating  it,  and  bringing  it  to  boil  for  a few  minutes,  the 
glutinous  matter  being  separated  by  a kind  of  coagulation. 

• Vinegar,  fully  fermented,  is  limpid,  of  a yellow  or  red- 
dish colour,  having  an  odour  agreeable,  and  pungent,  and 
a sour  taste.  It  differs,  in  strength  and  purity,  as  prepar- 
ed from  different  materials.  The  real  acid  is  combined 
with  much  water;  and  with  this  there  are  portions  of  glu- 
ten, mucilage,  sugar,  and  extractive  matter,  from  which  it 
derives  colour,  and  frequently  some  of  the  vegetable  acids, 
particularly  the  malic  and  tartaric. 

The  acid  which  exists  in  vinegar,  is  formed  in  other 
chemical  processes  than  fermentation.  It  is  produced  in 
the  liquor  in  which  wheat  is  macerated  in  the  formation  of 
starch  : it  appears  frequently  where  vegetable  matter  has 
been  acted  on  by  sulphuric,  or  nitric  acid,  as  in  the  pre- 
paration of  ether,  and  in  a number  of  analogous  opera- 
tions ; and  it  is  produced  in  the  distillation  of  wood  and  the 
decomposition  of  many  vegetable  substances  by  heat.  The 
process  of  decomposing  wood  by  heat  to  afford  it,  is  car- 
ried on  with  advantage  on  a large  scale,  to  obtain  it  for 
several  uses  to  which  it  is  applied,  particularly  the  prepa- 
ration of  different  metallic  acetates  used  in  the  arts ; and 
this  more  especially  as  the  charcoal  which  is  the  residuum 
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is  superior  in  quality  to  that  prepared  by  the  common  pro- 
cess *.  A very  strong  vinegar  is  accordingly  now  obtain- 
ed in  this  way,  which  is  rendered  by  distillation  from  char- 
coal, perfectly  pure,  and  free  from  all  empyreurnatic  smell, 
so  as  to  be  much  superior  to  common  vinegar,  for  econo- 
mical purposes. 

From  vinegar  the  pure  acid  is  procured  with  most  faci- 
lity. The  simplest  method  is  by  distillation.  A quantity  of 
common  vinegar  is  distilled  in  a retort  with  a sand  heat, 
or  in  a tin  still  with  the  fuel  directly  applied.  The  first 
portion  that  passes  over,  to  the  amount  of  about  l of  the 
vinegar,  is  little  more  than  water,  slightly  acidulated  : what 
passes  next  is  more  acid,  and  forms  the  distilled  vinegar. 
When  about  § have  been  distilled,  the  residual  liquor  be- 
comes so  loaded  with  extractive  matter,  and  requires  so 
high  a temperature  to  keep  it  boiling,  that  were  the  dis- 
tillation continued  it  would  be  scorched,  and  the  distilled 
liquor  would  acquire  an  unpleasant  empyreurnatic  odour. 
This  liquor,  however,  is  strongly  acid,  even  more  so  than 
what  has  passed  over.  If  the  receiver  be  changed,  this 
strong  acid  may  be  distilled,  and  can  be  applied  to  some 
uses  ; or  by  adding  to  the  residual  liquor  a portion  of  wa- 
ter, the  distillation  may  be  recommenced,  and  a fluid  simi- 
lar to  what  has  been  collected  be  obtained.  Or  if  a tin  still 
be  employed,  the  same  purpose  is  attained  by  adding  por- 
tions of  warm  water  during  the  distillation.  At  the  end  of 
the  operation,  there  remains  a liquor  of  a deep  red  colour, 
very  empyreurnatic,  and  which  on  standing  deposites  super- 
tartrate of  potash.  The  extractive  matter,  when  urged  with 
a strong  fire,  yields  the  usual  products  of  vegetable  matter, 
with  a portion  of  ammonia. 

Distilled  vinegar  is  limpid  and  colourless.  Its  odour  is 
fainter  and  less  pleasant  than  that  of  common  vinegar ; its 
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taste  iess  sour,  and  its  acid  powers  are  weaker.  It  L 
purer,  however,  and  is  not  liable  to  decomposition  on 
keeping.  It  is  principally  used  in  pharmacy. 

Vinegar  can  be  concentrated  by  freezing : the  congela- 
tion takes  place  at  a temperature  below  28°  ; the  congeal- 
ed part  is  ice,  leaving  of  course  a stronger  acid.  It  the 
process  be  performed  on  distilled  vinegar,  a very  pure  acid 
is  obtained.  The  method  Lowitz  recommended  is,  to  freeze 
a large  quantity  of  vinegar,  and  distil  the  unfrozen  part  in 
a water-bath  ; the  distilled  vinegar  thus  procured  is  again 
congealed,  and  the  liquid  portion  is  lastly  distilled  fiom 
charcoal  powder.  A highly  concentrated  acid,  ot  an  agiee- 
able  odour,  is  obtained.  If  it  be  exposed  to  a very  intense 
cold,  equal  to  —38°,  it  shoots  into  crystals;  when  the 
fluid  part  is  withdrawn,  the  crystals  liquefy  when  the  tem- 
perature rises,  and  the  liquid  is  limpid  as  watei,  extiLme- 
ly  strong,  and  has  a highly  pungent  acetous  odour.  This 
is  the  pure  acid,  any  foreign  matter  remaining  in  the  un- 
congealed liquid.  Lowitz  obtained  the  acid  equally  stiong, 
by  taking  vinegar  which  has  been  once  congealed  and  dis- 
tilled, mixing  it  with  a large  quantity  of  charcoal  powder, 
and  distilling  from  a retort  in  a water-bath  ; a weak  acid 
gojj^gg  over  i the  retort  is  then  placed  in  a sand-bath,  and 
urged  with  a strong  fire,  as  long  as  any  fluid  distils  quick- 
ly : stopping  it  when  it  begins  to  distil  more  slowly,  as 
it  is  then  principally  water.  The  distilled  acid  may  be 
concentrated  by  freezing,  the  uncongealed  portion  be- 
ing poured  off  from  the  strong  crystallized  acid  . It  is 
singular,  that  the  acid  concentrated  by  freezing  acquires 
an  unpleasant  odour  ; from  which  it  is  heed  bj  distillation 
from  charcoal. 

Other  methods  are  employed  to  obtain  the  concentrated 
acid.  Distilled  vinegar  is  combined  with  an  alkali  or 
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earth,  and  the  concrete  neutral  salt  is  decomposed  by  an 
acid.  The  process  of  Westendorf,  is  to  saturate  soda  with 
distilled  vinegar ; obtain  the  acetate  by  crystallization,  and 
pour  upon  it,  in  a retort,  half  its  weight  of  sulphuric  acid. 
By  applying  heat,  the  acetic  acid  is  distilled  over;  and 
should  there  be  sulphuric  acid  mixed  with  it,  it  may  be 
distilled  a second  time  from  a little  acetate  of  soda.  Ac- 
cording to  Lowitz,  a preferable  method  is  to  mix  three 
parts  of  acetate  of  soda  with  eight  parts  of  super-sulphate 
of  potash,  both  salts  being  dry  and  in  fine  powder,  and  to 
distil  from  this  mixture,  in  a retort  with  a gentle  heat. 

It  was  also  known,  that  from  certain  metallic  salts,  form- 
ed from  vinegar,  a strong  acid  could  be  procured  by  dis- 
tillation. The  salt  usually  employed,  is  that  formed  by 
the  action  of  vinegar  on  copper,  the  Verdigris  of  com- 
merce. It  is  reduced  to  a fine  powder,  which  is  dried  by 
a moderate  heat.  This  is  introduced  into  a retort,  and 
urged  with  a fire  gradually  raised  : the  portion  that  first 
comes  over  is  weak,  and  is  removed  ; it  is  succeeded  by  an 
acid  liquor  extremely  strong,  and  having  a pungent  odour. 
As  obtained  by  the  first  distillation,  it  holds  a small  quan- 
tity of  oxide  of  copper  dissolved,  from  which  it  may  be 
freed  by  a second  distillation,  with  a more  gentle  heat.  The 
acid  procured  by  this  process,  had  formerly  the  name  of 
Radical  vinegar. 

This  acid  was  observed  to  differ  in  several  of  its  proper- 
ties, and  in  its  combinations,  from  the  acid  w hich  exists 
in  distilled  vinegar,  concentrated  by  freezing;  hence  the 
opinion  was  maintained,  that  there  is  an  essential  difference 
between  them.  Berthollet  having  concentrated  distilled 
vinegar  by  freezing,  and  brought  the  acid  obtained  from 
verdigris  by  heat,  to  the  same  specific  gravity  by  dilution, 
observed,  that  the  latter  had  a taste  and  odour  more 
pungent  than  the  former ; it  appeared  to  exert  a stronger 
attraction  to  the  alkalis,  and  to  form  with  them  combina- 
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tions  more  intimate,  and  differing  in  their  properties  from 
those  formed  by  the  other  *.  The  difference  he  supposed 
owing  to  oxygen  being  received  by  the  acid  from  the  oxide 
of  copper.  The  two  acids  thus  came  to  be  regarded  as  dif- 
fering in  degree  of  oxygenation,  and  were  distinguished  by 
the  names  of  Acetous  and  Acetic  Acids. 

Adet  called  this  opinion  in  question.  Examining  the 
products  of  the  decomposition  of  acetate  of  copper  by 
heat,  he  found  reason  to  conclude,  that  the  acid  expelled 
from  it  receives  no  oxygen  from  the  oxide,  but  is  the  same 
as  that  in  the  salt,  except  that  it  contains  less  water.  He 
compared  it,  too,  with  the  acid  disengaged  by  sulphu- 
ric acid  from  acetate  of  copper,  and  acetate  of  potash,  and 
found  them  the  same.  And  in  examining  the  actions  of 
these  acids  on  a number  of  substances,  metallic,  earthy, 
and  alkaline,  and  the  compounds  they  form,  he  found  them 
identical,  and  equally  so,  allowing  for  the  dilution,  with 
distilled  vinegar.  He  concluded,  therefore,  that  the  acetic 
acid,  expelled  by  heat  from  its  metallic  salts,  does  not  dif- 
fer essentially  from  the  acetous,  and  that  the  apparent  dif- 
ferences between  the  two,  arise  from  the  one  being  a little 
weaker  than  the  other  f.  Gren  held  the  same  opinion. 

Chaptal  maintained  the  opinion,  that  there  is  a difference 
between  these  two  states  of  acetic  acid ; but  he  regarded 
this  as  depending,  not  on  a different  degree  of  oxygena- 
tion, but  on  a different  proportion  of  carbon  : the  acetous 
acid  existing  in  verdigris,  losing,  when  it  is  expelled  by 
heat,  a portion  of  its  carbon,  which  is  attracted  partly  by 
the  oxygen  of  the  metallic  oxide,  partly  by  the  oxide  it- 
self %.  A similar  view  had  been  advanced  by  Peres ; while 
Habit  endeavoured  to  support  the  first  opinion,  that  these 
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acids  are  in  a different  degree  of  oxygenation  *.  Darracq 
again  examined  the  subject.  He  repeated  the  experiments 
of  Adet,  and  found  them  correct ; and  added  others,  from 
which  it  resulted,  that  when  the  two  acids  are  brought  to 
the  same  specific  gravity,  there  is  scarcely  any  difference 
between  them  in  their  physical  properties,  except  that  the 
smell  of  the  acetic  is  a little  empyreumatic.  Their  che- 
mical properties  are  alike,  and  their  combinations  the  same- 
The  acetous,  submitted  to  the  action  of  substances  capable 
of  affording  to  it  oxygen,  was  not  changed  : nor  by  analy- 
sis did  they  afford  different  proportions  of  charcoal.  Com- 
mon vinegar,  however,  contains  a quantity  of  mucilaginous 
or  extractive  matter,  which  Darracq  found  to  be  not  alto- 
gether separated  from  it  by  distillation,  and  a portion  of 
which  even  adheres  to  the  acid  in  its  saline  combinations. 
The  presence  of  this,  in  what  has  been  named  Acetous 
Acid,  disguises  its  properties  a little;  but  by  distilling  the 
acid  repeatedly  from  muriate  of  lime,  an  acid  is  obtained 
equally  strong  with  the  acetic,  and  having  an  odour  as  pun- 
gent and  not  empyreumatic  f.  In  the  usual  processes  by 
which  what  has  been  named  acetic  acid  is  obtained,  a pro- 
duct is  formed,  as  is  immediately  to  be  stated,  somewhat 
spirituous,  which  appears,  to  a certain  extent,  to  modify 
the  properties  of  the  acid,  and  in  particular  to  diminish 
its  specific  gravity,  and  give  it  inflammability  and  a higher 
degree  of  volatility. 

There  exists,  then,  only  one  acid  of  vinegar,  which,  in 
conformity  to  the  principles  of  the  modern  nomenclature, 
is  named  the  Acetic.  Its  salts  must  be  denominated  Ace- 
tates ; and  the  salts  named  Acetites,  as  distinct  from  these, 
have  no  existence. 

Acetic  acid  is  extracted  from  the  metallic  salts  in  which 
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it  exists,  by  other  methods  than  by  the  application  ol  heat ; 
in  particular,  by  employing  the  affinity  ol  a fixed  acid  to 
disengage  it.  It  can  thus  be  obtained  from  acetate  of  lead, 
by  the  intervention  of  sulphate  of  copper  or  of  iron,  a mix- 
ture of  equal  parts  of  dry  sulphate  of  iron,  and  acetate  of 
lead,  being  exposed  to  heat  in  a retort,  as  long  as  any  acid 
comes  over.  The  acid  thus  procured,  however,  is  weaker, 
and,  according  to  the  observation  of  Debuc,  confirmed  by 
the  experiments  of  Planche  and  Boullay,  contains  sulphu- 
rous acid ; this  may  be  abstracted  by  distilling  it  from 
black  oxide  of  manganese,  mixed  with  a small  quantity  of 
carbonate  of  potash  *. 

In  the  production  of  acetic  acid  by  these  processes,  a 
portion  of  the  product  appears  to  be  of  an  etherial  nature. 
When  strong  vinegar  is  distilled,  the  fluid  that  first  passes 
over  has  been  observed  to  be  weakly  spirituous ; this  pro- 
bably arises,  however,  from  alkohol  contained  in  the  vine- 
gar. But  in  the  decomposition  of  the  acetates,  such  as  the 
acetate  of  copper  by  heat,  a spirituous  product  appears  to 
be  formed.  Derosne  observed,  that  the  acid  at  different 
stages  of  this  process,  differs  in  specific  gravity  and  in 
acidity ; these  however  are  not  proportional,  and  hence 
cannot  be  ascribed  to  the  degree  of  concentration  of  a uni- 
form product : the  inferior  specific  gravity  of  the  lighter 
portions,  he  supposed  owing  to  the  production  of  a sub- 
stance lighter  than  the  acid,  and  mingling  with  it : and 
that  this  could  not  be  water  diluting  the  acid,  was  evident 
from  the  specific  gravity  of  the  lighter  portion  being  less 
than  that  of  water  itself.  On  submitting  this  to  distilla- 
tion, it  became  still  lighter ; and  on  neutralizing  the  acid 
existing  in  it  by  potash,  and  distilling  the  super-natant  li- 
quor, poured  off  from  the  acetate  of  potash,  a liquor  was 
obtained  lighter  than  alkohol,  volatile,  highly  inflammable, 


'*  Nicholson’s  Journal,  vol.  xiii.  p.  42, 
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not  sensibly  acid,  and  miscible  with  water  in  all  propor- 
tions. This  etherial  liquid,  he  adds,  might  be  called  Pyro- 
acetic  ether,  to  distinguish  it  from  real  acetic  ether,  from 
which  it  differs  entirely.  It  is  it  which  diminishes  the  spe- 
cific gravity  of  the  latter  portions  of  radical  vinegar,  and 
which  probably  also  gives  the  acid  in  this  state  inflamma- 
bility, and  perhaps  its  volatility  and  penetrating  smell  ; 
and  Courtenvaux  had  before  remarked,  what  is  conform- 
able to  this,  that  it  is  the  last  portion  that  distils  over  in 
decomposing  acetate  of  copper  by  heat  that  is  inflammable 
and  pungent.  This  product  cannot  be  supposed  to  origi- 
nate from  any  alkohol  retained  in  combination  with  the 
acid  in  the  acetate,  but  is  probably  formed  from  the  reac- 
tion of  the  metallic  oxide  on  the  acetic  acid,  this  taking 
place  principally  at  the  end  of  the  process,  when  the  greater 
part  of  the  water  has  been  expelled,  and  the  temperature 
is  raised  high  *.  The  same  substance  was  examined  by 
Chenevix,  who  gave  it  the  name  of  Pyro-acetic  Spirit.  It 
is  formed,  he  found,  in  the  distillation  of  other  metallic 
acetates,  acetate  of  lead,  zinc,  or  manganese,  and  in  larger 
quantity,  as  the  metal  is  less  easily  reduced  to  the  metallic 
state.  It  is  also  obtained  in  the  distillation  of  alkaline  and 
earthy  acetates.  Heat  alone  does  not  convert  acetic  acid 
into  the  pyro-acetic  spirit.  It  is  decomposed  by  sulphuric, 
nitric,  and  muriatic  acids,  but  affords  no  acetic  ether  f . 

Acetic  acid,  in  its  highest  state  of  concentration,  such  as 
that  obtained  from  acetate  of  copper  by  heat,  or  distilled 
repeatedly  from  muriate  of  lime,  has  a fragrant  and  very 
penetrating  smell : it  is  so  caustic  as  to  inflame  die  skin  ; 
its  acid  taste  is  strong,  even  when  it  is  largely  diluted  with 
water : it  is  colourless,  and  has  a specific  gravity  of  1.0626  : 
from  the  intermixture,  however,  of  the  product  just  no- 

4 Annales  tie  Chimie,  tom.  Ixiii. 
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ticed,  its  strength  cannot  be  judged  of  from  its  specific 
gravity.  In  its  diluted  state,  as  in  that  of  distilled  vinegar, 
its  smell  is  more  faint,  but  is  still  agreeable. 

This  acid  is  capable  of  congelation  ; it  forms  foliated  ar- 
borescent crystals  ; and,  according  to  the  observations  ol 
Lowitz,  it  suffers  this  change,  and  presents  very  different 
results,  according  to  its  degree  of  concentration.  If  much 
diluted,  as  in  common  distilled  vinegar,  it  is  the  water  that 
freezes,  leaving  a stronger  acid  uncongealed ; if  the  acid 
exposed  to  cold  be  more  concentrated,  it  congeals,  and  the 
part  remaining  liquid  is  more  watery.  When  strong,  it 
congeals,  according  to  his  account,  at  32°,  and  remains 
solid  even  at  a higher  temperature  *.  With  regard  to  this, 
however,  there  is  some  obscurity ; for  concentrated  acetic 
acid  does  not  freeze  at  a much  lower  temperature,  and  the 
acid  distilled  from  charcoal,  Lowitz  himself  remarks,  re- 
quires a temperature  lower  than  20°  of  Fahrenheit.  The 
congelation  is  probably  influenced  by  the  intermixture  of 
pyro-acetic  spirit. 

Acetic  acid  is  very  volatile  r its  odour  is  diffused  through 
the  atmosphere,  and  becomes  gradually  weaker  ; and,  by 
a moderate  heat,  it  is  converted  into  vapour ; this  vapour 
catches  fire  on  the  approach  of  an  ignited  body ; hence 
the  acetic  acid  affords  an  example  of  an  acid  retaining  in- 
flammability. It  appears,  however,  from  the  facts  already 
stated,  that  this  inflammability,  and  perhaps  the  volatility 
and  pungency  of  odour,  are  in  part  owing  to  the  presence 
of  pyro-acetic  spirit. 

Acetic  acid  combines  with  the  alkaline  and  earthy  bases. 
Its  salts  are  named  Acetates,  or  formerly  Acetites.  T.  hey 
are  very  soluble  in  water,  and  the  greater  number  of  them 
are  deliquescent,  and  not  easily  crystallized : the  acetic  a- 
cid  is  easily  disengaged  ; and  they  are  decomposed  by  heat. 


* ^ Annates  fie  Chimie,  tom.  x.  p.  215. 

^Crell’s  Chemical  Journal,  vol.  i.  245.  252. 
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the  greater  part  of  the  acid  suffering  decomposition,  and 
leaving  a residuum  of  charcoal. 

Acetate  of  Potash  is  prepared  by  saturating  the  al- 
kali of  carbonate  of  potash,  by  the  addition  of  distilled 
vinegar.  The  liquor  is  evaporated  to  a dry  mass : this  is 
of  a brownish  colour,  from  the  presence  of  a little  extrac- 
tive matter  derived  from  the  vinegar.  If  it  be  melted  and 
kept  in  liquefaction  for  a short  time,  on  dissolving  it  again 
in  water,  the  extractive  matter  separates  in  flakes  ; the  so- 
lution is  limpid,  and  affords  a salt  perfectly  white.  It  is 
soft  and  of  a foliated  texture,  whence  it  received  the  name 
of  Terra  Foliata  Tartari.  Its  concentrated  solution  af- 
fords, when  exposed  to  cold,  prismatic  crystals.  This 
salt  is  so  deliquescent,  that,  on  a few  minutes  exposure  to 
the  atmosphere,  its  surface  becomes  humid  : it  does  not  re- 
quire more  than  its  weight  of  water  for  its  solution  at  60°  : 
it  is  also  soluble  in  alkohol.  Its  watery  solution,  like  that 
of  other  acetates,  decomposes  spontaneously.  W hen  the 
dry  salt  is  exposed  to  heat,  its  acid  is  decomposed,  an  em- 
pyreumatic  oil  and  acid  pass  over,  with  carbonic  acid  and 
carburetted  hydrogen  gases;  a considerable  quantity  of 
charcoal  remaining,  with  carbonate  of  potash. 

Acetate  of  Soda  crystallizes,  when  its  solution  is  eva- 
porated until  a pellicle  form  on  its  surface,  in  striated 
prisms.  Its  taste  is  sharp  and  bitter : it  is  said  on  some 
authorities  to  be  slightly  deliquescent,  on  others  not  so, 
when  perfectly  pure;  it  is  easily  soluble  in  water,  requir- 
ing only  three  parts  at  60°.  It  is  also  soluble  in  alkohol. 

Acetate  of  Ammonia,  formed  by  saturating  carbonate 
of  ammonia  with  distilled  vinegar,  has  been  known  under 
the  name  of  Spirit  of  Mindererus,  having  been  employed 
in  medicine  as  a diaphoretic.  It  is  so  volatile  that  its  so- 
lution cannot  be  concentrated  by  hasty  evaporation  : by 
slow  evaporation  it  may  be  obtained  in  acicular  prisms ; 
and  it  can  be  crystallized  by  sublimation.  It  is  very  deli- 
quescent and  soluble. 
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The  compounds  of  acetic  acid  with  the  earths  are  not  of 
much  importance.  Acetate  oi  barytes  crystallizes  in  aci- 
cular  prisms,  which  are  efflorescent,  and  very  soluble  in 
water.  Its  taste  is  bitter.  Acetate  of  strontites  affords,  by 
evaporation,  slender  crystals,  which  are  soluble  in  water, 
requiring  not  much  more  than  two  parts  for  their  solution, 
and  which  are  not  altered  by  exposure  to  the  air.  Ace- 
tate of  lime  is  obtained  by  evaporation  and  cooling,  in  fine 
prismatic  crystals  of  a silky  lustre,  efflorescent,  soluble  in 
water,  and  still  more  soluble  in  alkohol.  It  consists,  ac- 
cording to  Berzelius,  of  acetic  acid  64.6,  lime  35.4.  Ace- 
tate  of  magnesia  crystallizes,  but  with  difficulty,  its  solu- 
tion affording,  on  evaporation,  a viscid  deliquescent  mass, 
abundantly  soluble  both  in  water  and  alkohol : its  taste  is 
sweetish.  Acetate  of  alumina,  prepared  by  digesting  the 
acid  on  the  earth,  forms  small  needle-like  crystals,  soft, 
and  having  an  astringent  taste.  A singular  property  of 
this  salt,  noticed  by  Gay  Lussac*,  is  that  of  its  solution  be- 
coming turbid  when  heated,  and  recovering  transparency 
when  it  cools.  The  precipitation  is  owing  to  the  separa- 
tion of  a part  of  the  alumina ; and  this,  according  to  the 
explanation  given  by  this  chemist,  depends  on  the  heat 
separating  the  particles  of  the  earth  and  acid  beyond  the 
sphere  of  their  mutual  attraction : The  fact  requires  to  be 
attended  to  in  the  preparation  and  application  of  this  salt 
as  a mordant  in  calico-printing.  Acetate  of  glucine  is 
formed  by  direct  combination  : the  solution  does  not  crys- 
tallize, but  is  reduced,  by  evaporation,  to  a gummy-like 
substance,  which  remains  long  ductile,  and  dries  slowly  : 
its  taste  is  sweet  and  astringent.  Acetate  of  zircon  is  like- 
wise gelatinous  and  uncrystallizeable,  and  has  an  astrin- 
gent taste.  Acetate  of  ittria  crystallizes  in  thin  plates. 

Acetic  acid  acts  more  or  less  powerfully  on  the  metals. 


* Nicholson’s  Journal,  vol.  xxxi.  p.  33. 
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and,  in  general,  combines  with  facility  with  them  when 
they  are  oxidated.  Some  of  these  combinations,  particu- 
larly those  with  lead  and  copper,  are  extensively  used. 

Gold,  silver,  and  platina,  are  not  affected  by  it  in  their 
metallic  state,  but  their  oxides  are  dissolved  by  it.  The 
acetate  of  silver  crystallizes  in  prisms,  which  are  very  so- 
luble, and  have  a sharp  metallic  taste.  Acetate  of  quick- 
silver is  different  in  its  properties,  according  to  the  state 
of  oxidation  of  the  metal.  That  in  a low  degree  of  oxi- 
dation is  obtained  by  decomposing  a solution  of  nitrate 
of  quicksilver,  in  which  the  metal  is  in  that  state,  by  add- 
ing a solution  in  tepid  water  of  acetate  of  potash  : delicate 
crystals,  in  the  form  of  spangles,  of  a white  colour  and 
silvery  lustre,  form  quickly,  and  are  deposited  as  the  solu- 
tion cools.  Its  principles  have  so  weak  an  affinity,  that  it 
is  decomposed  by  water : if  a large  quantity  be  employed 
to  wash  it,  it  becomes  yellow : the  whiteness  is  restored 
by  washing  with  a little  distilled  vinegar : when  dry,  it 
forms  a soft  foliated  mass : its  taste  is  mild,  but  metallic. 
The  acetate  formed  by  digesting  the  acid  on  mercury  more 
highly  oxidated,  as  on  the  red  oxide,  is  more  acrid  and 
soluble. 

Copper  forms  with  acetic  acid  combinations  of  some  im- 
portance, from  their  use  in  medicine  and  the  arts.  M hat 
is  named  Verdigris  is  a sub-acetate  of  copper.  It  is  pre- 
pared by  stratifying  copper  plates  with  the  husks  of  the 
grape,  brought  into  fermentation  by  having  been  kept  in 
a warm  apartment,  with  some  degree  of  moisture.  I he 
copper  plates  are  placed  in  layers,  with  the  husks  thus 
prepared,  in  jars,  which  arc  covered.  At  the  end  of  fif- 
teen or  twenty  days,  these  are  opened  : the  plates  have  an 
efflorescence  on  their  surface  of  a green  colour:  they  are 
repeatedly  moistened  with  water ; and  a length  a crust  is 
formed,  which  is  scraped  off,  is  put  into  bags,  and  dried 
by  exposure  to  the  air  and  sun.  It  is  of  a green  colour, 
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with  a slight  tint  of  blue  *.  In  this  preparation,  the  cop- 
per is  oxidated,  probably  by  the  atmospheric  air,  aided 
by  the  affinity  of  the  acetic  acid  produced  by  the  fermen- 
tation : and  a portion  of  this  acid  remains  in  combination 
with  the  oxide,  not  sufficient,  however,  to  produce  its  sa- 
turation. When  it  is  acted  on,  therefore,  by  water,  a por- 
tion of  oxide  remains  undissolved ; and  from  this  mode  of 
analysis  Proust  inferred,  that  it  consists  of  43  of  acetate 
ol  copper,  27  of  black  oxide  of  copper,  and  30  of  water, 
this  water  existing  in  it  in  intimate  combination  f.  A spe- 
cimen of  verdigris,  manufactured  in  England,  was  found 
by  Dr  Thomson  to  consist  of  soluble  matter  45.7,  com- 
posed of  32.85  of  acetate  of  copper,  and  12.85  of  water, 
with  insoluble  matter,  composed  of  sub-acetate  of  copper 
23.36,  carbonate  of  copper  12.10,  water  18.84  f. 

The  proper  acetate  of  copper  is  prepared  by  dissolving 
verdigris  in  distilled  vinegar : the  solution,  when  evapora- 
ted, affords  masses  composed  of  prismatic  crystals,  aggre- 
gated, of  a deep  green  colour,  but  which  becomes  lighter 
from  efflorescence  on  exposure  to  the  air.  This  salt  is  so- 
luble in  water,  and  in  alkohol : it  has  a strong  metallic 
taste.  It  consists,  according  to  Proust,  of  39  of  oxide, 
and  61  of  acid  and  water.  Both  it  and  verdigris  are  used 
as  pigments,  in  some  of  the  processes  of  dyeing,  and  in 
medicine  from  their  escharotic  power. 

With  lead,  acetic  acid  forms  combinations  of  some  im- 
portance. Cerusse,  or  white  lead,  is  formed  by  exposing 
plates  of  lead  to  the  vapours  arising  from  boiling  vinegar ; 
the  metal  is  oxidated  by  the  action  of  the  air,  aided  by  the 
affinity  of  the  acid,  and  a crust  is  formed,  which  is  scraped 
off  and  levigated.  This  has  been  regarded  either  as  an 


* Account  ol  the  Manufacture  of  Verdigris,  by  Chaptal,  Phi 
losophical  Magazine,  vol.  iv.  p.  71. 

t Journal  de  Physique,  tom.  Ixi.  p.  114. 
t Annals  of  Philosophy,  vol.  vii.  p.  401. 
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oxide  or  a sub-carbonate  of  lead.  By  farther  combination 
with  acetic  acid,  a salt  is  obtained  in  a crystalline  form, 
named  from  its  sweetness  Sugar  of  Lead.  To  prepare  it, 
cerusse,  in  fine  powder,  is  boiled  in  distilled  vinegar,  the 
vinegar  being  poured  off’  as  it  loses  its  acidity,  and  fresh 
quantities  being  successively  added  ; the  liquors  thus  pro- 
cured are  evaporated  nearly  to  the  consistence  of  honey; 
and,  on  cooling,  masses  are  formed,  consisting  of  a con- 
geries of  needle-like  prisms.  According  to  the  account 
given  by  Pontier  of  the  manufacture  of  this  salt,  it  is  also 
formed  by  exposing  plates  of  lead  to  the  action  of  distilled 
vinegar  and  of  the  atmospheric  air : the  plates,  as  they 
are  incrusted  with  oxide  at  the  surface  of  the  vinegar,  are 
plunged  to  the  bottom,  until  this  oxide  is  dissolved,  and 
are  again  raised  to  the  surface.  The  acid  is  thus  saturated, 
and,  by  evaporation,  the  solution  is  brought  to  crystallize*'. 

This  salt  was  regarded  as  the  neutral  acetate  ol  lead. 
From  the  researches  of  Thenard  it  appears,  that  it  con- 
tains an  excess  of  acid,  which  modifies  its  properties.  It 
sometimes  happens  in  preparing  it,  that  it  does  not  crys- 
tallize in  the  usual  form,  but  in  plates  ; Thenard  examined 
this  product,  and  found  it  to  be  the  neutral  acetate,  while 
the  common  sugar  of  lead  is  always  a super-acetate.  1 he 
latter,  he  found,  consists  of  oxide  of  lead  58,  acetic  acid 
26,  and  water  16f.  The  form  of  its  crystals  is  a slender 
four  or  six  sided  prism  bevelled  at  the  extremities  ; its  co- 
lour is  white,  or  frequently  of  a yellowish  tinge,  with  a 
silky  lustre ; its  taste  is  sweet  and  styptic  ; it  is  slightly  ef- 
florescent ; is  easily  soluble  in  water,  requiring  not  more 
than  3 parts  at  60°  for  its  solution  ; by  the  addition  of  a 
large  quantity  of  water,  it  appears  to  be  partially  decom- 
posed, as  the  solution,  even  with  distilled  water,  is  milky ; 
a small  quantity  of  a white  powder  is  deposited,  and  the 


* Annales  de  Cliimie,  tom.  xxxvii.  p.  2GB. 

* Nicholson’s  Journal,  vol.  vi.  p.  225. 
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salt  which  remains  dissolved,  has  probably  a greater  excess 
of  acid  than  the  original  salt.  It  is  decomposed  by  all 
those  salts  which  contain  an  acid  that  forms  an  insoluble 
compound  with  oxide  of  lead,  and  is  sometimes  used  as  a 
test  to  discover  their  presence.  It  is  also  decomposed  by 
heat,  and  gives  empyreumatic  acetic  acid. 

The  neutral  acetate  formed  by  boiling  the  super-acetate 
with  oxide  of  lead,  is  described  by  Thenard  as  crystalliz- 
ing in  plates  ; its  taste  is  less  saccharine  than  that  of  the 
super-acetate ; it  effloresces  slightly  ; is  less  soluble  in  wa- 
ter, and  forms  a solution  which  is  precipitated  abundantly 
by  carbonic  acid,  while  that  of  the  super-acetate  is  preci- 
pitated sparingly.  It  dissolves  in  vinegar,  and  on  evapo- 
ration gives  needle-like  crystals.  It  consists,  according  to 
his  analysis,  of  oxide  of  lead  78,  acetic  acid  17,  water  5. 
What  is  named  Goulard’s  Extract,  prepared  by  boiling 
vinegar  on  litharge  until  it  is  saturated  with  it,  is,  accord- 
ing to  Dr  Bostock’s  experiments,  a solution  of  neutral 
acetate  of  lead.  According  to  Berzelius,  the  super-ace- 
tate, or  acetate  as  he  names  it,  rendered  as  dry  as  possible, 
consists  of  oxide  of  lead  58.71,  acetic  acid  26.97,  water 
14.32.  The  other  salt,  the  soluble  acetate,  or  sub-acetate 
as  he  names  it,  can  be  obtained  by  exposure  in  a vacuum 
with  sulphuric  acid,  perfectly  dry ; it  then  consists  of  86.77 
oxide  of  lead,  and  13.23  of  acetic  acid.  The  quantity  of 
acid  in  the  one  salt  is  three  times  that  contained  in  the 
other  *. 

Acetic  acid  dissolves  iron,  the  metal  being  oxidated  by 
the  water.  The  solution  is  of  a reddish  brown  colour ; has 
a sweetish  astringent  taste ; and  by  evaporation  affords  a 
gelatinous  mass,  which  is  deliquescent  and  easily  decom- 
posed by  heat.  The  use  of  this  solution  as  a mordant  in 
calico-printing,  has  been  already  mentioned. 

The  remaining  metallic  acetates  present  few  important 


* Annals  of  Philosophy,  vol.  v.  p.  175. 
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results.  The  acid  dissolves  tin  in  small  quantity  : the  so- 
lution when  evaporated  is  viscid,  and  has  a foetid  smell. 
Zinc  is  dissolved  by  it  readily,  and  by  evaporation  crys- 
tals in  thin  plates  are  obtained,  which  burn,  when  thrown 
on  ignited  fuel,  with  a blue  flame,  and  are  decomposed  by 
heat.  Nickel  is  dissolved  by  acetic  acid,  and  the  solution, 
by  evaporation,  gives  crystals  of  a green  colour.  Oxide 
of  cobalt  is  dissolved  by  it ; the  solution  is  of  a pale  rose 
colour,  and  forms  a sympathetic  ink.  Antimony  and  bis- 
muth are  scarcely  affected  by  it : the  vitrified  oxide  of  an- 
timony appears  to  be  dissolved  in  small  quantity.  Oxide 
of  arsenic  is  said  not  to  combine  directly  with  it ; but  when 
heated  with  acetate  of  potash,  a liquor  is  formed,  fuming 
and  having  a very  foetid  odour,  which  the  Dijon  Academi- 
cians found  inflamed  spontaneously  on  exposure  to  the  air, 
and  exhaled  a dense  foetid  vapour.  The  residuum  of  the 
decomposition  of  all  the  metallic  acetates  by  heat  contains 
charcoal  in  such  a state,  that  they  are  in  general  pyropho- 
ric, and  several  of  them  readily  take  fire  on  exposure  to 
the  air. 

Acetic  acid  acts  on  several  of  the  vegetable  products. 
Hatchet  found  that  it  dissolves  resins  and  gum-resins,  with- 
out altering  their  properties.  It  also  dissolves  gluten,  cam- 
phor, and  essential  oils.  It  combines  with  alkohol,  and 
when  its  action  is  promoted  by  heat,  converts  it  into  a spe- 
cies of  ether,  which  has  been  already  noticed. 

This  acid  affords  the  usual  products  of  the  vegetable  a- 
cids  when  decomposed  by  heat,  and  therefore  contains  car- 
bon, hydrogen,  and  oxygen.  Lavoisier  had  obtained  am- 
monia in  its  decomposition,  and  Proust  prussic  acid  *, 
whence  it  might  be  inferred  to  contain  nitrogen ; but 
Trommsdorff  observed,  that  it  affords  neither  of  these 
when  the  acid  is  pure.  Gay  Lussac  and  Thenard  give  as 
its  composition,  from  their  usual  mode  of  analysis,  carbon 
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50.224,  oxygen  44.147.  hydrogen  5.629.  Berzelius  has 
assigned  as  the  proportions,  carbon  46.83,  oxygen  46.82, 
hydrogen  6.35  *.  But  in  these,  as  in  all  the  analogous 
cases,  he  infers  the  composition  of  the  acid  abstracted  from 
what  he  considers  as  its  combined  water.  Estimating  the 
quantity  of  this  from  the  oxygen  in  the  quantity  of  base 
which  the  acid  saturates,  it  amounts  to  17.56,  or  15.56  of 
oxygen  and  2 of  hydrogen.  And  adding  these  to  the  a- 
bove  proportions,  we  have  as  the  composition,  carbon 
46.83,  oxygen  62.4,  hydrogen  8.35.  This  is  very  nearly 
the  second  definite  proportion  of  oxygen  to  carbon,  and 
also  the  second  proportion  of  hydrogen.  Acetic  acid, 
therefore,  is  represented  by  carbonic  oxide,  with  hydro- 
gen in  the  proportion  which  constitutes  super-carburetted 
hydrogen. 

Acetic  acid,  in  its  various  states  of  dilution  and  purity, 
is  applied  to  numerous  uses.  Vinegar  is  one  of  the  acids 
that  has  been  longest  known,  and  is  extensively  used  as  a 
condiment  and  an  antiseptic.  It  is  employed  in  medicinal 
practice,  and  in  a number  of  the  processes  of  pharmacy*. 
And  its  saline  and  metallic  combinations  are  used  in  seve- 
ral of  the  arts. 


Sect.  III. — of  the  putrefactive  fermentation. 

Putrefaction  is  a process  to  wdiich  animal  matter  is 
more  peculiarly  liable.  Some  vegetable  substances,  how- 
ever, likewise  undergo  it ; and  if  others,  in  the  ultimate 
spontaneous  decomposition  to  which  they  are  liable,  do 
not  give  out  those  offensive  products  which  characterize 
the  putrefaction  of  animal  matter,  they  so  far  present  si- 
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milar  results,  that  their  composition  appears  to  be  com- 
pletely destroyed  ; their  principles  enter  into  new  combi- 
nations, which  escape  in  the  aerial  form  ; and  they  leave 
nothing  but  the  small  quantity  of  earthy  and  metallic  mat- 
ter, which  the  vegetable  substance  had  contained.  As  this 
change  follows  the  acetous,  and  has  been  supposed  to  be 
in  general  preceded  by  it,  it  has  been  considered  as  the  last 
of  the  three  stages  ol  the  process  of  fermentation,  and  has 
been  distinguished  by  the  epithet  Putrefactive. 

Every  kind  of  vegetable  matter  nearly  is  liable  to  this 
species  of  decomposition.  1 hose  suffer  it  most  quickly 
which  are  soluble  in  water ; and  any  vegetable  principle 
dissolved  in  this  fluid,  passes  speedily  into  it:  the  surface 
of  the  liquor  appears  covered  with  a mould  ; elastic  fluids 
are  disengaged,  and  at  length  it  is  entirely  decomposed. 
Those  which  are  not  perfectly  soluble,  if  kept  humid,  pre- 
sent nearly  the  same  results.  Oils  and  resins,  which  re- 
fuse to  unite  w’ith  water  or  imbibe  it,  resist  any  change  ol 
this  kind  for  a long  period,  and  can  indeed  scarcely  be 
said  to  be  subject  to  it. 

The  same  circumstances  favour  this  species  of  sponta- 
neous decomposition,  which  favour  the  others,  particularly 
humidity,  and  a moderate  heat.  Any  vegetable  matter, 
kept  perfectly  dry,  is  long  in  exhibiting  any  sign  of  altera- 
tion or  decay.  A certain  temperature,  which  must  be 
less,  however,  than  w’hat  will  dissipate  the  humidity,  hast- 
ens the  decomposition,  by  favouring  the  approximation, 
and  consequent  exertion  of  the  affinities  of  the  constituent 
elements.  And  the  presence  of  the  air  often  promotes  it ; 
at  the  same  time,  however,  modifying  the  results. 

The  gases  disengaged  during  this  decomposition  arise 
from  combinations  of  the  principles  of  the  vegetable  sub- 
stance. According  to  Saussure,  they  are  compounds  of 
hydrogen  with  carbon,  and  carbonic  acid.  The  former 
appear  principally  when  the  atmosphere  is  excluded,  by 
the  substance  being  immersed  under  water ; the  latter  when 
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the  air  is  admitted,  and  its  production  depends  in  a great 
measure  on  the  action  of  the  oxygen  ot  the  atmosphere  *. 
A portion  of  water  is  also  formed,  by  the  union  of  part  of 
the  oxygen  and  hydrogen  of  the  vegetable  matter. 

The  principal  difference  between  this  species  of  decom- 
position, and  the  putrefaction  of  animal  matter,  is,  that 
there  is  no  evolution  of  ammonia,  or  of  those  foetid  combi- 
nations which  characterize  the  latter.  This  is  owing  to 
the  absence  of  nitrogen,  which  is  essential  to  the  formation 
of  these.  And  accordingly,  those  varieties  of  vegetable 
matter  which  contain  this  element,  present,  in  their  ulti- 
mate decomposition,  results  similar  to  those  of  animal  sub- 
stances : such  is  particularly  the  case  with  those  which  con- 
tain gluten,  and  with  gluten  itself  in  its  pure  form. 

The  residual  matter  of  vegetable  substances,  after  this 
decomposition,  frequently  contains  a large  proportion  of 
carbon,  especially  when  formed  from  those  principles  in 
which  this  element  is  abundant,  as  from  the  ligneous  fibre ; 
and  this  may  remain  long  unaltered,  the  other  principles 
which  re-act  upon  it  having  been  abstracted  in  the  progress 
of  the  decomposition.  A residuum  of  this  kind  forms  that 
black  soft  matter  named  Vegetable  Mould,  which  consti- 
tutes so  important  a part  of  the  soil. 

When  this  is  obtained  free  from  the  undecomposed  ve- 
getable matter  mixed  with  it,  it  appears  from  the  researches 
of  Saussure  f,  to  be  nearly  uniform  in  composition  and 
properties.  Subjected  to  distillation,  it  yields  carburetted 
hydrogen,  and  carbonic  acid  gases,  water  holding  in  solu- 
tion acetate  and  sometimes  carbonate  of  ammonia,  and  a 
small  quantity  of  empyreumatic  oil,  leaving  charcoal,  with 
saline  and  earthy  ingredients.  From  these  products  it 
follows,  that  the  mould  contains  less  oxygen,  more  carbon 
and  more  nitrogen,  than  the  vegetable  matter  from  which 
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it  has  been  formed ; though  part  of  this  nitrogen  pro- 
bably is  derived  from  the  animal  matter  unavoidably  mixed 

with  it. 

The  acids  do  not  exert  any  striking  action  on  this  mould ; 
they  dissolve  its  earthy  and  metallic  ingredients.  'I  he  fix- 
ed alkalis  dissolve  it,  and  evolve  ammonia  during  the  solu- 
tion. Alkohol  takes  up  a little  resi  no- ex  tractive  matter. 
Water  dissolves  a small  quantity  oi  extract. 

Saussure  has  remarked,  that  vegetable  mould,  though 
the  result  of  the  putrefactive  process,  is  not  itselt  suscep- 
tible of  putrefaction,  but  even  retards  it ; hence  it  remains 
unaltered,  evidently  from  the  cause  already  assigned,  that 
no  other  principles  are  present  in  sufficient  proportion  to 
act  on  the  carbon  accumulated  in  it.  1 his,  however,  is 
only  when  the  air  is  excluded  ; when  exposed  to  the  at- 
mosphere, it  suffers  a gradual  change,  until  it  is  entirely 
decomposed.  The  oxvgen  ol  the  air  combines  with  its 
carbon,  forming  carbonic  acid,  as  Saussure  found  by  in- 
closing it  over  quicksilver  in  atmospheric  air  or  oxygen 
gas.  While  this  proceeds,  the  abstraction  of  carbon  ap- 
pears to  allow  part  of  the  oxygen  and  hydrogen  of  the 
mould  to  combine  and  form  water  ; for  it  loses  more  of  its 
weight  than  can  be  accounted  for  from  the  quantity  ol  car- 
bon abstracted.  These  changes  proceed  in  a certain  rela- 
tion to  each  other,  and  terminate  at  length  in  the  entire 
decomposition,  leaving  the  earthy  and  metallic  substances 
originally  contained  in  the  vegetable  matter.  We  perceive 
from  this  viewy  how  necessary  the  frequent  turning  up  of 
the  soil  is,  to  enable  vegetable  mould  to  form  a proper 
manure,  by  decomposing,  and  affording  carbonic  acid  to 
the  growing  plant.  And  we  discover  also  the  cause  of  the 
inertness  and  unfertility  of  that  accumulation  of  it,  which 
principally  constitutes  peat  and  morass,  and  which,  if  it 
is  not  subjected  to  such  operations,  remains  for  ages  un- 
changed. 
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When  the  slow  and  spontaneous  decomposition  of  ve- 
getable substances  is  conducted  under  peculiar  circumstan- 
ces, the  result  is  the  accumulation  of  carbon  in  the  residual 
matter;  and  beyond  this  the  decomposition  frequently  does 
not  proceed.  The  circumstances  on  which  this  is  depen- 
dent, are  not,  perhaps,  perfectly  determined  ; but  they 
seem  to  be,  principally,  a due  humidity,  a certain  degree 
of  compression,  and  the  exclusion  of  atmospheric  air.  These 
are  all  present  when  the  substance  is  buried  to  some  depth 
in  the  earth,  and  although  in  this  situation  the  process 
must  proceed  very  slowly,  still  there  is  reason  to  believe 
that  this  species  of  spontaneous  decomposition  takes  place. 

We  can  perceive,  so  far  at  least,  how  these  circumstan- 
ces operate  in  giving  rise  to  this  peculiar  result.  A certain 
degree  of  humidity  is  requisite  to  favour  the  mutual  ac- 
tions of  the  principles  of  the  vegetable  matter.  Were  the 
atmosphere  freely  admitted,  its  oxygen  would  modify  these 
actions,  and,  in  particular,  by  its  affinity  to  carbon,  would 
abstract  the  greater  part,  and  allow  the  remaining  prin- 
ciples to  enter  into  other  combinations:  its  exclusion,  there- 
fore, both  checks  the  progress  of  the  decomposition,  and 
favours  the  accumulation  of  carbon.  Compression  seems 
to  operate  by  opposing  the  formation  of  elastic  compounds : 
were  it  not  present,  it  is  probable,  that,  in  the  re-action  of 
the  elements  of  the  vegetable  matter,  the  oxygen  would 
combine  partly  with  hydrogen,  and  form  water,  and  part- 
ly with  carbon,  and  form  carbonic  acid.  But  compression 
opposing  an  obstacle  to  the  formation  of  the  latter  sub- 
stance, the  combination  of  oxygen  with  hydrogen  is  deter- 
mined, and  thus  carbon  is  predominant  in  the  residual 
matter. 

It  is  obvious,  also,  that  those  kinds  of  vegetable  matter 
which  contain  the  largest  proportion  of  carbon  will  exhi- 
bit most  completely  this  result.  Hence  it  is  conspicuous 
in  wood. 
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On  these  principles,  I conceive,  may  be  explained  this 
species  of  decomposition,  the  existence  of  which  cannot  be 
doubted,  since  we  perceive  it  particularly  exemplified  in 
wood  that  lias  been  kept  humid,  and  buried  to  a certain 
depth.  And  the  various  coally  and  bituminous  substances 
which  are  found  in  the  earth  have  been  probably  formed 
by  some  such  process.  Their  origin  from  vegetables  is 
clearly  marked  in  their  composition  and  properties  : they 
are  inflammable ; afford,  by  destructive  distillation  or  com- 
bustion, the  usual  products  of  vegetable  matter ; the  re- 
mains of  vegetable  and  animal  substances  are  often  inter- 
mixed  with  them,  and  we  can  even  trace  the  gradation 
from  wood  slightly  changed  to  those  which  are  most  re- 
mote from  the  ligneous  texture.  These  Bitumens  have 
been  already  considered. 
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BOO K IX. 

OF  ANIMAL  SUBSTANCES. 

The  chemical  history  of  Animal,  like  that  of  Vegetable 
Substances,  may  be  comprised  under  three  divisions.  In 
the  first  may  be  considered,  what  relates  to  their  general 
chemical  constitution,  and  to  their  formation,  so  far  as  this 
is  dependent  on  chemical  action.  Under  the  second  may 
be  described,  the  varieties  of  animal  matter;  their  distinc- 
tive characters,  chemical  properties,  and  combinations: 
And  their  histox*y  may  be  concluded,  with  an  account  of 
the  spontaneous  changes  to  which  they  are  liable,  and  the 
decompositions  they  suffer  from  the  re-action  of  their  con- 
stituent elements,  either  at  high  or  at  low  temperatures. 
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CHAP.  I. 

OF  THE  FORMATION  OF  ANIMAL  SUBSTANCES. 

Animal,  like  vegetable  substances,  are  formed  of  a few 
simple  principles;  the  differences  in  their  properties  aris- 
ing from  variations  in  the  proportions,  and  in  the  modes 
in  which  these  are  combined.  Ti  hey  are  still  more  suscepti- 
ble of  decomposition  ; the  balance  of  affinities  whence  they 
exist,  being  altered  by  very  slight  causes,  and  their  ele- 
ments easily  entering  into  new  combinations. 

There  are  certain  chemical  characters  by  which  the  ani- 
mal are  distinguished  from  the  vegetable  products.  They 
are  more  liable  to  that  species  of  spontaneous  decomposi- 
tion named  Putrefaction,  \egetablcs  in  a humid  state, 
either  pass  into  the  vinous  or  acetous  fermentation,  or  suf- 
fer that  species  of  decomposition  whence  carbonic  acid  and 
carburetted  hydrogen  gases  are  disengaged,  and  charcoal 
remains.  Animal  substances  are  liable  to  none  of  these 
changes,  or  at  least  are  little  disposed  to  pass  into  them; 
they  rather  undergo  the  putrefactive  fermentation,  that  is, 
their  elements  enter  into  combinations,  the  principal  of 
which  are  ammonia,  and  certain  elastic  fluids  more  com- 
pound than  those  formed  in  the  decomposition  of  vege- 
table matter. 

When  vegetables  arc  decomposed  by  heat,  the  products 
of  the  decomposition  are  empyreumatic  oil  and  acid,  car- 
buretted hydrogen,  carbonic  oxide,  and  carbonic  acid  gases, 
the  residuum  beinc  charcoal.  Some  afford  ammonia,  but 

O 

it  is  yielded  only  in  small  quantity,  and  by  a few  of  them. 
Animal  substances,  with  the  usual  products  of  the  analy- 
sis of  vegetable  matter,  invariably  afford  a large  quantity 
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of  ammonia  when  they  are  decomposed  by  heat.  1 he^ 
give  also  some  other  peculiar  products,  particularly  com- 
pounds of  sulphur  and  phosphorus  with  hydrogen,  the 
prussic  acid,  and  phosphoric  salts. 

These  differences  arise  from  the  difference  in  their  che- 
mical composition.  That  ot  animal  substances  is  moie 
complicated  than  that  of  vegetable  matter;  besides  car- 
bon, hydrogen,  and  oxygen,  they  always  contain  nitrogen, 
and  generally  phosphorus  and  sulphur.  The  presence  ot 
these  dividing  the  attractions  subsisting  between  the  car- 
bon, hydrogen,  and  oxygen,  weakens  their  iorce,  and  hence 
these  complicated  compounds  are  more  liable  to  decompo- 
sition, and  their  elements  have  a powerful  tendency  to  en- 
ter into  binary  or  ternary  combinations,  io  this  is  owing 
the  great  susceptibility  ot  decomposition  which  character- 
izes the  animal  products. 

The  peculiar  products  they  afford  by  their  analysis,  de- 
rive their  origin  from  those  elements  which  arc  more  pe- 
culiar to  them.  The  nitrogen,  which  may  be  considered 
as  the  principle  that  gives  them  their  character,  by  com- 
bining with  hydrogen,  furnishes  the  ammonia,  which  is 
evolved  during  their  putrefaction  and  their  decomposition 
by  heat : it  forms  a principal  component  part  ol  the  prus- 
sic acid,  and  it  enters  into  the  composition  of  the  gases 
they  give  out. 

Phosphorus  is  another  element  present  in  the  greatci 
number  of  the  animal  substances,  and  nearly  peculiar  to 
them.  During  their  decomposition  it  enters  into  new  com- 
binations, particularly  with  hydrogen  and  nitrogen,  and 
forms  those  compound  gases  which  are  disengaged.  W hen 
they  are  decomposed  by  the  action  ct  nitric  acid,  it  is  con- 
verted into  phosphoric  acid,  and  remains  mixed,  as  Ber- 
thollet  shewed  *,  with  the  oxalic  acid  usually  formed  in 
that  process.  On  its  presence  also  depends  the  abun- 
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dance  of  salts  formed  by  the  union  of  phosphoric  acid  with 
the  earths,  and  alkalis,  which  are  so  generally  afforded  by 
their  analysis. 

Sulphur  is  likewise  a component  part  of  several  animal 
substances;  it  enters  into  the  composition  of  the  products 
of  their  decomposition,  particularly  of  the  elastic  fluids 
which  are  extricated. 

It  may  be  added  as  another  general  difference  in  com- 
position between  animal  and  vegetable  substances,  that 
the  former  contain  less  carbon  and  more  hydrogen  than 
the  latter  Carbon  appears  to  be  the  base  of  vegetable 
matter,  to  which  oxygen  and  hydrogen  are  attached.  Hy- 
drogen seems  to  be  the  principal  component  part  of  ani- 
mal matter  combined  with  nitrogen,  oxygen,  carbon,  and 
phosphorus.  Hence,  in  the  decomposition  of  animal  sub- 
stances, much  empyreumatic  oil  is  obtained,  of  which  hy- 
drogen is  the  chief  constituent,  while  another  portion  of  it 
is  spent  in  the  formation  of  ammonia.  In  general,  the  ani- 
mal substances  contain  less  oxygen  than  the  vegetable,  and 
therefore  afford  less  acid  in  their  decomposition. 

In  entering  on  the  investigation  of  the  formation  of  the 
animal  products,  it  may  be  stated  as  a fundamental  pro- 
position, that  they  are  derived  from  changes  effected  in 
the  animal  system  on  vegetable  matter.  All  animals  live 
directly  or  indirectly  on  vegetables,  and  derive  from  them 
almost  their  sole  support.  This  leads  to  the  consideration 
of  Digestion,  Respiration,  and  Secretion,  the  three  func- 
tions which  compose,  bv  their  union,  the  process  of  ani- 
malization.  Though  these  functions  are  in  some  measure 
regulated  by  laws  peculiar  to  the  living  system,  these  do 
not  suspend  the  exertion  of  the  usual  laws  to  w hich  the 
matter  concerned  in  them  is  subject.  Affinities  are  exert- 
ed between  the  particles  of  that  matter,  and  new’  combina- 
tions are  established ; and  it  belongs  to  chemistry  to  trace 
these  combinations,  and  the  circumstances  by  which  they 
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are  modified,  and  thus  to  elucidate  the  phenomena  of  phy- 
siology connected  with  these  actions. 

An  important  distinction  exists  between  animals  and  ve- 
getables, in  the  mode  in  which  they  receive  nourishment. 
Vegetables  are  constantly  absorbing  matter  from  the  soil  5 
it  passes  into  the  general  sap-vessels,  and  is  soon  changed 
by  respiration  and  secretion.  Animals,  with  few  excep- 
tions, take  in  food  at  intervals,  and  retain  it  in  their  sto- 
mach until  it  undergoes  a chemical  change.  It  is  this 
which  constitutes  the  function  of  digestion,  the  first  step 
in  the  general  process  by  which  animal  matter  is  formed. 

In  the  process  of  digestion,  the  food  is  subjected  to  a 
temperature  usually  above  90  of  Fahrenheit ; it  is  mixed 
with  the  gastric  juice,  a liquor  secreted  by  the  glands  of 
the  stomach  : and  it  undergoes  a moderate  and  alternate 
pressure,  by  the  contraction  of  the  stomach  itself.  It  is 
thus  converted  into  a soft  uniform  mass  of  a greyish  co- 
lour, in  which  the  previous  texture,  or  nature  of  the  ali-< 
ment,  can  be  no  longer  distinguished. 

In  the  production  of  these  changes,  the  gastric  fluid  ap- 
pears to  be  the  principal  agent.  It  has  been  proved  by 
the  experiments  of  Stevens,  Spallanzani,  and  others,  that 
it  possesses  a real  solvent  power,  or  that,  independent  of 
heat  or  pressure,  and  even  out  of  the  body,  it  is  capable 
of  dissolving  animal  and  vegetable  matter.  At  the  same 
time,  these  circumstances  promote  its  action,  and  are  there- 
fore assistant  causes  in  the  process  of  digestion.  In  the 
graniverous  animals,  trituration,  from  the  action  of  the 
stomach,  has  a very  important  share  in  reducing  the  food 
to  that  state  in  which  it  is  more  easily  acted  on  ; while  in 
carniverous  animals,  which  have  a membranous  stomach, 
the  effect  is  produced  almost  entirely  by  the  action  of  the 
gastric  fluid. 

The  nature  of  the  change  which  the  food  suffers  in  the 
stomach,  has  not  been  well  ascertained.  It  does  not  seem 
to  be  resolved  into  its  ultimate  principles,  from  which  new 
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combinations  are  formed.  The  soluble  parts  of  the  vege- 
table and  animal  matter,  the  mucilage,  fecuk,  sugar,  and 
oil  of  the  one,  the  gelatin,  albumen,  and  other  principles 
of  the  other,  are  rather  separated  from  the  insoluble  parts 
of  each,  and  brought  into  a state  of  intimate  mixture  with 
each  other,  so  as  to  be  more  readily  acted  on  bj  the  other 
chemical  powers  to  which  it  is  to  be  exposed.  It  is  at  the 
same  time  partially  animaiized  by  the  mixture  ol  the  saliva 
and  gastric  fluid,  by  which  probably  its  further  assimila- 
tion is  facilitated. 

The  Chyme,  as  the  pulpy  mass  into  which  the  food  in 
the  stomach  is  resolved,  is  termed,  passes  by  the  pylorus 
into  the  intestinal  canal,  where  it  is  mixed  with  the  pan- 
creatic fluid  and  the  bile,  and  is  still  exposed  to  the  same 
temperature  and  alternating  pressure.  The  thinner  parts  of 
it  are  absorbed  by  the  slender  tubes  termed  the  Lacteals : 
the  liquor  thus  absorbed  is  of  a white  colour  : it  passes 
through  the  glands  of  the  mesentery,  and  is  at  length  con- 
veyed by  the  thoracic  duct  into  the  blood. 

This  part  of  the  process  is  termed  Chylification,  and 
the  white  liquor  is  the  Chyle.  It  is  an  opaque  milky  fluid, 
mild  to  the  taste.  By  standing  for  some  time,  one  part  of 
it  coagulates ; another  portion  is  coagulated  by  heat. 

We  know  little  of  the  nature  of  the  changes  which  con- 
stitute Chylification.  Some  have  supposed  that  the  bile, 
or  some  part  of  it,  combines  with  part  of  the  food,  and 
animalizes  it ; while  others  suppose  bile  to  be  an  excremen- 
titious  fluid,  useful  only  in  stimulating  the  intestines  to  ac- 
tion. Neither  opinion  has  been  proved,  though  the  for- 
mer seems  more  probable  than  the  latter,  from  the  large 
quantity  of  bile  secreted,  compared  with  the  quantity  dis- 
charged from  the  intestines.  We  know  still  less  of  the 
changes  which  the  chyle  suffers  in  its  passage  through  the 
mesenteric  glands;  but  by  the  general  process  it  is  assimi- 
lated to  the  nature  of  animal  matter,  as  it  possesses  the  pro- 
perty of  albumen,  of  being  coagulated  by  heat. 
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The  chyle,  after  mixing  with  the  lymph  conveyed  by  the 
absorbent  vessels,  is  received  into  the  blood  which  has  re- 
turned from  the  extreme  vessels,  and  before  it  passes  to 
the  heart.  All  traces  of  it  are  soon  lost  in  the  blood,  as 
it  mixes  perfectly  with  that  fluid.  It  is  probable,  however, 
that  its  nature  is  not  immediately  completely  altered.  The 
blood  passing  from  the  heart  is  conveyed  to  the  lungs, 
where  it  circulates  over  a very  extensive  surface  presented 
to  the  atmospheric  air,  with  the  intervention  of  a thin  mem- 
brane, which  does  not  prevent  their  mutual  action.  Dur- 
ing this  circulation,  it  loses  a considerable  quantity  of  car- 
bon, part  of  which,  it  is  probable,  is  derived  from  the  im- 
perfectly assimilated  chyle,  as  this,  originating  in  part  from 
vegetable  matter,  must  contain  carbon  in  larger  propor- 
tion than  the  blood  itself. 

The  process  of  sanguification  is  probably  not  complet- 
ed even  with  this  change.  The  blood  returning  to  the 
heart,  is  distributed  over  the  whole  body.  In  the  extreme 
vessels  it  is  converted  from  the  arterial  to  the  venous  state, 
and  though  this  is  connected  with  the  different  species  of 
secretion,  it  is  probable  also,  that  in  these  vessels  the  pro- 
cess of  animalization  is  finished.  There  remains,  as  the 
result  of  it,  a redundance  of  carbon ; and  the  venous  blood 
is  brought  back  to  the  heart,  and  conveyed  to  the  lungs, 
where  this  excess  of  carbon  is  discharged. 

If  we  examine  the  composition  of  the  blood,  we  find  it 
to  be  entirely  different  from  that  of  vegetable  matter,  from 
which  it  is  ultimately  derived.  It  is  a heterogeneous  fluid, 
composed  of  various  principles,  which  all  possess  the  gene- 
ral characters  of  animal  matter. 

l'rom  this  fluid  the  solids  seem  to  derive  their  nourish- 
ment, by  attracting  immediately  the  principles  which  it 
contains  ready  formed  ; for  there  is  perhaps  no  solid  in  the 
animal  body,  of  which  not  merely  the  ultimate,  but  even 
the  immediate  principles  exist  in  the  blood. 

There  is  another  process,  however,  that  of  Secretion,  by 
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which  new  products  are  formed.  In  the  course  of  the  clr^ 
culation,  the  blood  is  conveyed  to  certain  organs  named 
Glands,  and  is  there  changed  in  composition,  so  as  to  form 
various  products  not  pre-existing  in  the  mass  of  blood ; 
and  which  form  some  of  the  most  important  varieties  of 

animal  matter. 

Various  hypotheses  have  been  given  of  the  nature  of  se- 
cretion. At  one  time  it  was  regarded  as  mechanical,  as  a 
species  of  filtration  ; but  the  fact,  that  the  products  are  dif- 
ferent from  any  existing  in  the  blood,  affords  a sufficient 
refutation  of  this  opinion,  and  proves  it  to  be  chemical.  A 
fluid  is  received  into  vessels,  in  its  progress  through  which 
its  composition  is  changed,  not  merely  from  the  absti  ac- 
tion of  principles  previously  existing  in  it,  but  irom  new 
combinations  of  its  elements.  From  the  description  of  this 
process,  it  is  evident  that  it  consists  of  a series  of  chemical 
actions.  But  if  we  endeavour  to  investigate  how  these  are 
effected,  or  inquire  by  what  powers  these  new  chemical 
compounds  are  formed,  we  scarcely  can  propose  any  satis- 
factory theory.  In  the  structure  of  the  glands  we  perceive 
nothing  but  a series  of  convoluted  vessels,  through  which  the 
blood  circulates,  and  we  are  unable  to  discover  how  the  ac- 
tion of  these  vessels  can  operate  so  as  to  form  one  new'  pi  o- 
duct;  far  less,  how  different  glands  can,  from  the  same  fluid, 
form  substances  entirely  different  in  chemical  composition 
and  properties. 

On  a subject  so  obscure,  it  is  impossible  to  give  more 
than  hypothesis,  which  can  scarcely  be  supported  by  di- 
rect proof.  Yet  if  it  afford  any  probable  explanation  ot 
the  phenomena,  it  is  so  far  satisfactory.  1 he  cause  pi  o- 
ductive  of  the  new  combinations  which  constitute  secretion, 
may  be  the  simple  approximation  ot  the  elements  existing 
in  the  blood.  That  fluid  is  propelled  by  a vis  a icrgo  in- 
to canals  of  extreme  minuteness,  the  diameters  of  which 
are  farther  diminished,  from  their  contraction  from  the 
stimulus  of  the  blood.  There  can  be  no  doubt,  that,  in 
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compounds,  the  force  of  attraction  subsisting  between  their 
constituent  particles  is  modified  by  the  distances  at  which 
these  are  placed;  and  in  compounds  especially  which  con- 
sist of  four  or  more  principles,  the  slightest  alteration  in 
their  relative  situation  is  sufficient  to  change  the  existing 
attractions,  and  induce  new  combinations.  The  blood  is 
a compound  of  this  kind  : its  ultimate  principles,  too,  are 
capable  of  entering  into  an  innumerable  variety  of  com- 
binations with  each  other.  We  may  conceive,  therefore, 
that,  when  subjected  to  the  contraction  of  the  minute  ves- 
sels through  which  it  is  forced  to  circulate,  the  relative 
positions  of  its  elements  may  be  changed,  their  attractions 
will  thus  be  altered,  and  new  combinations  formed.  And 
if  we  suppose  a fluid  thus  passing  through  tubes  of  dif- 
ferent diameters,  and  undergoing  successive  decomposi- 
tions, we  may  easily  conceive,  that  very  different  products 
may  be  formed  from  the  same  original  compound. 

This  affords  a simple  view  of  the  nature  of  secretion.  No 
complicated  apparatus  is  requisite  for  the  performance  of 
the  change,  all  that  is  necessary  being  the  propulsion  of 
the  blood  through  minute  vessels,  capable  of  contraction. 
It  has  accordingly  frequently  been  observed,  that  new  pro- 
ducts are  formed  without  the  intervention  of  glands;  such 
is  the  formation  of  the  fat,  or  of  the  muscular  fibre.  It  is 
easy  to  conceive,  that  the  formation  of  these  may  take  place 
in  the  extreme  vessels,  where  these  products  are  deposited  ; 
and,  in  like  manner,  in  the  mere  course  of  the  circulation, 
may  be  formed  the  gluten,  albumen,  and  other  principles 
of  the  blood  itself. 

From  secretion  a variety  of  products  are  formed,  as  the 
bile,  milk,  fat,  the  bony  matter,  the  matter  of  membranes, 
and  a variety  of  others.  These  complete  the  formation  of 
animal  matter,  and  comprehend  its  several  varieties. 

Such  are  the  different  steps  of  the  process  of  animaliza- 
tion.  The  food  is  digested  in  the  stomach,  mixed  with 
animal  matter  in  the  intestinal  canal,  and  converted  into 
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chyle  • tills  mingles  with  the  blood,  and  loses  a portion  of 
carbon  in  the  lungs  : in  the  extreme  vessels  it  is  converted 
into  the  general  principles  of  animal  matter ; and,  in  the 
< dands,  is  converted  into  various  secreted  products. 

Since  animal  substances  are  thus  formed  by  the  processes 
of  digestion  and  respiration,  it  becomes  an  object  of  inquiry, 
whether,  from  the  principles  known  to  be  conveyed  by  these- 
processes,  we  can  explain  their  formation.  Their  ultimate 
elements  are  carbon,  hydrogen,  oxygen,  nitrogen,  sulphur, 
and  phosphorus,  with  smaller  portions  of  lime,  iron,  pot- 
ash, and  soda.  Are  these,  or  any  of  them,  formed  by  the 
animal  system,  or  are  they  merely  introduced  into  the  body 
from  without,  and  brought  into  new  combinations  ? This 
question  cannot  perhaps  be  satisfactorily  determined  while 
we  know  so  little  of  the  real  elements  of  bodies.  \ et  it  is 
so  far  interesting  to  trace  their  origin  where  this  can  be 

done. 

With  regard  to  carbon,  hydrogen,  and  oxygen,  there  is 
no  difficulty.  They  exist  in  vegetable  matter  in  a propor- 
tion even  larger  than  that  in  which  they  exist  in  the  ani- 
mal products,  and  it  is  evident,  therefore,  that  they  arc 

conveyed  by  the  food. 

To  trace  the  origin  of  the  nitrogen  in  the  animal  system 
is  much  more  difficult.  There  is  no  question,  indeed,  re- 
lating to  animal  chemistry,  involved  in  so  much  obscurity 
as  this,  when  we  consider  the  large  quantity  of  nitrogen 
that  is  contained  in  almost  every  variety  of  animal  matter. 
It  exists  in  small  quantity  in  vegetable  matter,  and  only 
in  some  varieties  of  it ; and  as  many  ipiimals  live  entiielj 
on  vegetable  food,  and  almost  all  may  be  brought  to  live 
principally  on  it,  it  seems  evident,  that  it  cannot  be  deriv- 
ed from  this  source.  It  has  been  supposed  to  be  iccei\ed 
in  respiration.  Priestley,  Goodwin,  Davy,  and  othei  che- 
mists, found  reason  to  conclude,  from  experiments  aftei- 
wards  to  be  stated,  that  there  is  a consumption  of  nitr  ogen 
in  this  process  to  a certain  extent ; and  this  would  affoid  a 
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source  whence  all  the  nitrogen  found  in  the  animal  system, 
may  be  derived.  But  the  fact,  as  is  afterwards  to  be  stated, 
is  doubtful ; and  it  is  difficult  indeed  to  conceive  ol  any 
mode  in  which  the  consumption  of  nitrogen  should  be 
connected  in  the  action  ol  the  air  on  the  blood,  with  the 
consumption  of  oxygen.  Though  nitrogen  may  not,  how- 
ever, be  consumed,  properly  speaking,  in  the  chemical  pio- 
cess  of  respiration,  there  is  a mode  in  which  I conceive  it 
not  improbable  that  it  may  be  conveyed  into  the  blood 
from  the  lungs.  The  residual  air  which  occupies  the  aii- 
cells  after  expiration,  is  chiefly  nitrogen,  or  at  least,  it  con- 
tains it  in  much  larger  proportion  than  even  the  large  pro- 
portion in  atmospheric  air.  An  air  of  this  kind  constantly 
remaining  in  the  bronchiae,  and  being  applied  to  the  moist 
surface  of  the  membrane  forming  the  minute  blood-vessels, 
a portion  of  it  condensed  by  the  humidity  of  that  mem- 
brane may  permeate  it,  and  be  absorbed  into  the  mass  ol 
blood.  This  effect  may  be  altogether  unconnected  with 
the  chemical  changes  of  the  air  in  respiration,  and  may 
proceed  so  slowly  as  not  to  be  discoverable  with  precision 
by  any  change  in  the  inspired  air,  while  at  the  same  time  act- 
ing constantly,  it  may  be  sufficient  to  afford  the  whole  of  this 
element  which  is  necessary  to  the  formation  of  animal  mat- 
ter. A diminution  in  the  volume  of  the  air  in  respiration 
has  even  been  very  generally  observed  in  the  experiments 
on  this  subject,  which  would  be  conformable  to  this  re- 
sult. This  has  been  supposed  to  arise  from  the  changes 
connected  with  the  action  of  the  oxygen  ol  the  air  on  the 
blood,  while  it  may  arise  from  this  abstraction  of  nitro- 
gen. In  some  of  the  experiments,  accordingly,  a loss  ol 
nitrogen  appeared  to  be  proved  : while  in  others,  conduct- 
ed perhaps  with  more  accuracy,  this  has  not  been  observ- 
ed. But  as  the  result  can  only  be  determined  with  preci- 
sion, so  far  as  it  affects  the  above  explanation,  by  respira- 
tion continued  for  a considerable  period,  and  as  this  can- 
not be  conducted  independent  of  the  influence  of  volun- 
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tary  exertion  and  other  circumstances  affecting  the  vo- 
lume of  air  passed  through  the  lungs,  it  is  scarcely  pos- 
sible to  establish  the  conclusion  with  perfect  certainty ; 
nor  in  the  present  state  of  experimental  investigations  can 
it  be  considered  as  established,  so  as  to  exclude  the  hypo- 
thesis I have  stated.  On  the  general  question  I may  also 
add,  however,  that  nitrogen  may  either  be  a compound,  or 
may  exist  in  the  composition  of  others,  which  are  ranked 
at  present  as  elementary,  and  that  its  origin  in  the  animal 
system  may  perhaps  be  connected  with  one  or  other  of 
these  conclusions. 

Phosphorus  is  another  substance  which  exists  in  sparing 
quantity  in  vegetables,  and  is  contained  more  abundantly 
in  animal  matter.  Its  origin  is  not  less  obscure.  Some 
have  supposed,  that  it  is  a product  of  animal ization  ; which 
appears  not  improbable,  when  we  consider  the  proportion 
of  phosphorus  which  exists  in  the  solids  that  constitute  the 
animal  fabric,  and  the  large  quantity  of  phosphoric  salts 
discharged  as  excrementitious.  It  appears,  however,  that 
a considerable  proportion  of  it  is  contained  in  those  varie- 
ties of  vegetable  matter  which  are  chieflv  subservient  to 
animal  nourishment.  Vauquelin  found  it  in  the  farina  of 
wheat,  constituting,  probably,  an  element  in  the  composi- 
tion of  the  gluten  : the  ashes  of  one  pound  of  wheaten 
flour  yielded  about  34-  grains  of  phosphate  of  lime;  whence 
he  has  calculated,  that  a person  taking  one  pound  of  this 
flour  daily,  would,  in  the  course  of  one  year,  receive  3 lbs. 

ounces  of  this  salt.  Many  animals  live  on  food  in 
which  the  existence  of  this  principle  has  not  been  establish- 
ed, those,  for  example,  which  feed  on  grass ; but  then  it  is 
to  be  remarked,  what  is  favourable  to  the  opinion  that  it 
is  derived  from  the  food,  that  the  urine  of  these  animals 
contains  no  phosphoric  salts.  An  accurate  analysis  of  the 
vegetable  nutritious  substances,  with  a comparison  of  the 
composition  of  the  solids  and  fluids  of  the  animals  which 
feed  upon  them,  are  wanting  to  throw  light  on  this  subject, 
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Similar  difficulties  exist  with  regard  to  lime  and  iron, 
the  two  principal  remaining  substances  which  entei  into 
the  composition  of  animal  matter.  Both  of  them  are  found 
in  almost  all  the  vegetable  products  ; and  lime  is  contain- 
ed in  every  kind  of  water  which  can  be  used  by  animals  as 
drink.  Yet  facts  have  also  been  stated,  in  proof  that  they 
are  formed  in  the  process  of  animalization.  Ihus  \au- 
quelin,  from  the  analysis  of  the  egg  ot  a hen,  compared 
with  the  food  which  the  animal  received,  found  reason  to 
conclude,  that  the  quantity  of  phosphate  and  of  carbo- 
nate of  lime  discharged  was  greater  than  what  was  con- 
tained in  the  food  * ; whence  it  followed,  that  both  lime 
and  phpsphorus  had  been  generated  in  the  animal  system. 
Other  facts  which  have  been  stated  are  less  conclusive . 
the  argument  drawn  from  the  large  quantity  of  calcareous 
matter  secreted  by  certain  marine  animals,  to  loim  then 
shells,  is  evidently  so,  as  a quantity  of  lime  in  a state  ot 
combination  exists  in  sea-water.  And  the  experiments 
which  have  been  stated  to  prove,  that  an  egg,  previous  to 
incubation,  contains  less  lime  and  less  iron  than  the  chick 
does  immediately  after  it  is  hatched  f,  are  too  inaccurate  to 
admit  of  any  certain  conclusion.  This  remark  applies,  per- 
haps, to  nearly  all  the  researches  on  this  subject.  The  ge- 
neral fact,  that  the  greater  part  of  those  substances  used 
as  food  by  animals  contain  these  principles,  is  perhaps  suf- 
ficient to  justify  the  belief,  that  they  are  introduced  into 
the  body,  and  not  actually  formed  ; any  analysis  by  which 
the  question  might  be  determined  with  more  precision  be- 
ing liable  to  such  difficulties  and  sources  of  fallacy,  that, 
as  hitherto  executed,  it  can  afford  no  certain  conclusion. 

Few  general  chemical  properties  can  be  assigned  as  dis- 
tinctive of  animal  substances.  The  principal  one  is  their 
great  susceptibility  of  decomposition,  and  their  tendency 
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to  pass  into  that  species  of  decomposition  which  constitutes 
putrefaction,  both  of  these  arising  from  their  complicated 
composition, — their  elements  being  numerous,  having  their 
affinities  more  nicely  adjusted,  and  being  therefore  more 
easily  subverted ; and  these  elements  forming,  when  they 
enter  into  new  combinations,  those  aeriform  products,  the 
evolution  of  which  characterizes  the  putrefactive  process. 
A number  of  the  animal  proximate  principles  have  pro* 
perties  analogous  to  those  of  the  vegetable  principles. 
Animal  mucus  bears  some  resemblance  to  vegetable  mu- 
cilage ; animal  fat  has  the  characters  of  expressed  ve- 
getable oil ; there  are  acids  belonging  to  the  animal  as 
there  are  to  the  vegetable  system,  and  some  of  these  acids 
are  common  to  both  ; saccharine  matter  is  found  in  the 
animal  as  well  as  among  the  vegetable  products;  the  glu- 
ten of  vegetables  is  similar  to  the  fibrin  of  animals;  and 
in  some  animal  products  are  principles  analogous  to  extract, 
resin,  and  essential  oil.  There  are,  at  the  same  time, 
principles  peculiar  to  the  animal  system,  as  there  are 
others  confined  to  the  vegetable  kingdom. 

The  analysis  of  animal  substances  has  been  generally 
effected  by  the  application  of  heat.  Some  information 
may  also  be  derived  from  the  action  of  re-agents.  Thus, 
nitric  acid  expels  nitrogen  from  several  of  them,  and  con- 
verts the  residual  matter  into  oxalic  acid ; and  sulphuric 
acid  chars  them,  or  produces  artificial  tannin.  According 
to  Thenard,  some  animal  substances  combine  with  acids, 
as  he  supposes  vegetable  matter  to  do,  and  neutralize  the 
acid  powers : the  caseous  matter,  albumen,  picromcl,  ge- 
latin, and  uree,  have  this  property. 

Gay  Lussac  and  Thenard  applied  the  oxygenating  opera- 
tion ofoxymuriateof  potash  to  the  analysis  of  animal,  as  well 
as  that  of  vegetable  matter.  Greater  precaution,  however,  is 
necessary  in  its  application  to  animal  substances  ; for,  from 
the  nitrogen  which  they  contain,  if  too  much  oxymuriatebe 
employed,  a portion  of  nitrous  acid  is  formed,  which  leads. 
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into  error.  This  is  obviated  by  avoiding  an  excess  of  oxy- 
muriate,  but  employing  as  much  as  may  be  found,  by  pre- 
liminary trials,  sufficient  to  convert  the  carbon  of  the  ani- 
mal matter,  whai  heat  is  applied,  into  carbonic  acid  or 
carbonic  oxide ; and  by  thus  subverting  the  combination 
of  the  elements,  allow  the  hydrogen  and  nitrogen  to  pass 
into  the  gaseous  state.  By  this  method  they  analysed  the 
four  most  important  animal  principles,  fibrin,  albumen, 
gelatin,  and  caseous  matter  The  following  table  exhi- 
bits the  results. 
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With  regard  to  all  these  proportions  they  give  an  excess 
of  hydrogen  above  that  which,  with  oxygen,  forms  water ; 
and  this  excess  of  hydrogen,  compared  with  the  nitrogen 
they  contain,  is  not  far  from  the  proportion  in  which  these 
elements  form  ammonia.  Under  this  point  of  view,  they 
may  be  considered  as  composed  of  carbon,  a certain  quan- 
tity of  oxygen  and  hydrogen  in  the  propoitions  which  lorm 
water,  and  a certain  quantity  of  nitrogen  and  hydrogen  in 
the  proportions  which  form  ammonia.  By  analogy  from 
the  law  which,  according  to  these  chemists,  exists  with 
regard  to  vegetable  substances,  it  may  be  inferred,  that  in 
the  animal  acids  there  is  an  excess  of  oxygen  above  these 
proportions,  and  in  the  animal  fats  an  excess  of  hydrogen  ; 
this  law,  however,  Gay  Lussac  has  since  admitted  to  be 
doubtful. 

Berard  has  lately  given  the  composition  of  some  other 
animal  principles.  He  employed  for  the  purpose  of  ana- 
lysis, the  brown  oxide  of  copper,  heated  with  the  animal 
matter,  a method  originally  employed  by  Gay  Lussac,  and 
which  has  the  advantages,  that  the  oxide  is  easily  reduced 
by  the  hydrogen  and  carbon,  so  as  to  form  water  and  car- 
bonic acid,  allowing  the  nitrogen  to  be  liberated  ; that  it 
contains  a large  portion  of  oxygen,  and  this  sufficiently 
condensed,  so  that  it  forms  only  a small  portion  of  nitrous 
gas  by  its  action  on  the  animal  matter ; and  that  this  ni- 
trous gas  can  be  decomposed  so  as  to  afford  its  nitrogen, 
by  passing  it  over  a layer  of  copper  in  filings  heated,  which 
at  the  same  time  has  not  the  effect  of  decomposing  the  wa- 
ter or  the  carbonic  acid. 

To  conduct  the  analysis,  the  animal  substance  is  mixed 
with  20  or  25  times  its  weight  of  oxide  of  copper,  and  the 
mixture  is  put  into  a glass  tube,  nearly  of  the  size  of  a 
barometer  tube,  and  closed  at  one  end.  Over  the  mixture 
a layer  of  the  oxide  is  put,  to  complete  the  decomposition 
of  the  substance,  and  its  conversion  into  water  and  carbo- 
nic acid  ; and  above  this  a layer  of  copper  filings,  to  dc- 
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compose  any  nitrous  gas  that  may  have  been  formed.  The 
tube  being  placed  so  that  the  gaseous  products  can  be  col- 
lected, heat  is  applied,  beginning  at  that  part  occupied  by 
the  copper  filings:  at  an  obscure  red  heat,  the  carbon  of 
the  animal  matter  combines  with  its  oxygen,  or  with  that 
of  the  oxide,  and  forms  carbonic  acid,  the  hydrogen  lorms 
water,  and  the  nitrogen  is  disengaged  in  the  gaseous  form. 
The  carbonic  acid  gas  is  obsorbed  by  a solution  ol  potash  ; 
the  oxygen  furnished  by  the  oxide  of  copper  is  known  by 
the  loss  of  weight  which  the  latter  sustains  in  the  opera- 
tion ; and  the  water  is  estimated  by  calculation,  or  by  the 
difference  of  the  weight  of  the  animal  matter  and  the  oxide 
of  copper  before  the  operation,  to  those  of  the  nitrogen, 
carbonic  acid,  and  the  oxide  after  the  same  operation. 
The  following  table  gives  the  proportions  of  the  elements 
of  the  substances  enumerated  in  it,  by  weight  *. 


In  100  parts  of 

Nitrogen. 

Carbon. 

Oxygen. 

Hydrogen,  j 

Uree 

43.40 

19-40 

26.40 

10.80 

Uric  Acid  : . . . . 

39-16 

33.61 

18.89 

8.34 

Butter 

66.34 

14.02 

19.64 

Hogs  Lard  .... 

69.OO 

9-66 

23.34 

Mutton  Suet  .... 

62.00 

14.00 

24.00 

Unctuous  Matter  of  Bi- 

\ 

liarv  Calculi  . . . 

72.01 

6.66 

21.33 

Spermaceti  .... 

81.00 

6.00 

13.00 

Fish  Oil 

79-65 

6.00 

14.35 

* Annales  de  Chimie  et  Physique,  tom.  v.  p.  290.  Annals  of 
Philosophy,  vol.  xi.  p.  556.  Gay  Lussac  observes,  that  in  as- 
signing these  proportions  of  the  elements  from  the  products  of  the 
analysis,  Berard  proceeds  on  the  assumption,  that  water  is  com- 
posed of  87  of  oxygen,  and  15  of  hydrogen,  while,  according  to 
the  result,  that  two  volumes  of  hydrogen  are  combined  with  one 
volume  of  oxygen,  88.5,  and  11.7,  are  the  proportions.  This 
leads  to  an  important  correction,  in  reducing  the  proportion  of 
hydrogen,  and  increasing  that  of  oxygen. 
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CHAP.  II. 

OF  THE  ANIMAL  PRODUCTS. 


^he  animal,  like  the  vegetable  products,  may  be  reduc- 
ed to  a number  of  proximate  principles  characterized  by 
certain  distinctive  properties.  Yet  this  classification  is 
much  less  perfect  than  it  is  with  regard  to  vegetable  mat- 
ter : we  are  far  from  being  able  to  place  under  it  the  va- 
rious animal  solids  and  fluids;  and  it  is  necessary,  in  the 
present  state  of  animal  chemistry,  rather  to  give  the  his- 
tory of  these  solids  and  fluids  in  the  state  of  composition 
in  which  they  exist,  introducing  under  them  the  descrip- 
tion of  such  proximate  principles  as  have  been  sufficiently 
defined.  Under  this  arrangement,  the  history  of  the 
Blood  is  first  to  be  given,  as  the  common  source  whence 
the  varieties  of  animal  matter  are  derived,  and  as  contain- 
ing  some  of  the  most  important  principles  of  which  these 
are  composed.  The  principal  recent  researches  on  this 
fluid,  and  on  the  principles  connected  with  it,  are  those 
by  Dr  Bostock  #,  Marcet f,  Brando:}:,  and  Berzelius  }]. 


* Medico-Chirurgical  Transactions,  vol.  i.  ii.  iv. 
t Ibid.  vol.  ii. 

4 Philosophical  Transactions,  1S12. 

j|  Animal  Chemistry,  and  Essay  on  Animal  Fluids,  Medico- 
Chirurgical  Transactions,  vol.  iii.  or  Annals  of  Philosophy,  vol.  ii. 
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Sect.  I. — of  the  blood. 

Blood,  that  fluid  which  circulates  through  the  vessels 
of  the  animal  system,  sustains  life,  and  affords  the  piin- 
ciples  whence  other  products  are  formed,  differs  in  its  qua- 
lities, in  the  different  orders  of  animals.  In  insects  it  is 
white  or  pellucid ; in  the  more  perfect  animals,  it  is  of  a 
red  colour.  Its  consistence  is  somewhat  thick,  and  it  has 
a saponaceous  feel : it  has  a sweetish  slightly  saline  taste, 
and  a perceptible  odour.  Its  specific  gravity  is  from  1.03 
to  1.05. 

Though  blood,  as  it  circulates  in  the  body,  appears  ho- 
mogeneous, under  the  microscope  it  presents  the  appear- 
ance of  particles  of  a globular  form,  diffused  through  a 
liquid.  On  being  drawn  from  the  blood-vessels,  the  ap- 
parent uniformity  of  its  composition  is  also  soon  subvert- 
ed : it  separates  into  a fluid  of  a yellowish  colour  and 
slight  tenacity,  and  into  a coagulum  more  or  less  film,  of 
a dark  red  colour.  This  process  is  the  Coagulation  of  the 
blood  : the  fluid  part  is  the  Serum,  the  solid  the  Clot  or 
Crassamentum.  By  a farther  examination,  the  lattei  is 
found  to  be  a mixture  or  slight  combination  of  two  prin- 
ciples,—of  a red  matter,  soluble  in  water,  and  therefore 
abstracted  by  washing  the  crassamentum  ; and  of  a white, 
solid,  elastic,  and  fibrous  matter,  which  remains.  The 
former  has  been  named  the  Colouring  Matter,  or  the  Red 
Globules  of  the  Blood ; the  latter  the  Gluten  or  Fibrin. 
The  proportions  of  these  to  each  other  vary  in  different 
animals,  and  in  the  same  animal  in  different  states  of  the 
system. 

The  cause  of  that  spontaneous  change  of  the  blood 
which  constitutes  its  coagulation,  is  not  well  ascertained. 
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Though  it  takes  place  more  readily  when  the  blood  is  at 
rest,  and  when  the  temperature  is  allowed  to  fall  below 
the  natural  heat ; yet  it  also  takes  place  under  the  oppo- 
site circumstances,  of  agitation,  and  when  its  temperature 
is  not  reduced.  Neither  is  the  access  of  atmospheric  air 
necessary,  as  the  coagulation  takes  place  in  vacuo , as  Mr 
Hunter  ascertained.  Experiments  were  stated  by  Luzu- 
riaga  *,  which  seem  to  prove,  that  the  coagulation  takes 
place  more  rapidly  when  the  blood  is  exposed  to  nitrogen, 
carbonic  acid,  or  nitrous  gas,  than  when  exposed  to  oxy- 
gen or  to  hydrogen  gas.  These  facts  seem  anomalous : 
and  it  has  been  affirmed  by  Davy,  that  when  blood  is  ex- 
posed to  these  and  other  gases,  there  is  no  marked  diffe- 
rence in  the  times  of  coagulation  f.  Some  have  ascribed 
the  coagulation  to  the  evolution  of  some  gas,  which,  while 
it  remained  in  the  vessels  of  the  animal,  was  retained  by 
pressure,  and  which,  escaping  from  the  fibrin,  disposed  it 
to  coagulate.  But  this  is  confirmed  by  no  fact  %.  It  is 
singular,  that  the  facility  of  coagulation  in  blood,  flowing 
from  a living  animal,  is  influenced  by  the  state  of  the  vital 
powers,  if  it  is  received  successively  in  different  vessels, 
the  last  portion  coagulates  more  quickly  than  the  first ; and 
Hcwson  remarked,  that  if  faintness  comes  on,  the  blood 
drawn  in  that  state  flows  with  extreme  difficulty,  and  coa- 
gulates almost  immediately. 

The  spontaneous  decomposition  of  the  blood  in  its  coa- 
gulation, affords  the  easiest  method  of  discovering  its  im- 
mediate principles ; and  from  our  knowledge  of  these,  we 


* Di  ssertatio  Inauguralis,  Edin.  17S6. 

+ Researches  on  Nitrous  Oxide. 

t According  to  Vogel,  a small  portion  of  carbonic  acid  gas 
escapes  from  blood,  when  it  is  placed  under  the  receiver  of  the 
air-pump,  and  the  air  is  exhausted,  (Annals  of  Philosophy,  vol. 
vn.  p.  56.).  But  there  is  no  proof  of  its  exerting  any  agent y 
with  regard  to  the  coagulation. 
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are  better  enabled  to  determine  the  nature  of  the  changes 
which  re-agents  produce  on  the  entire  blood  itself. 

The  liquid  formed  by  the  coagulation,  the  Serum,  as  it 
is  named,  is  slightly  viscid  and  consistent,  of  a pale  yellow- 
ish colour,  and  an  insipid  somewhat  saline  taste.  Its  spe- 
cific gravity  is  about  1.028  ; or,  according  to  Dr  Bostock, 
1.023.  The  quantity  of  solid  matter  dissolved  in  it,  he 
estimates  at  about  12  per  cent.  It  mixes  with  water  in  all 
proportions,  losing,  with  a large  proportion  of  water,  its 
colour  and  taste.  It  is  slightly  alkaline,  as  it  renders  the 
syrup  of  violets  green  : this  alkali,  Rouelle  discovered  to 
be  soda. 

When  the  serum  is  exposed  to  a moderate  heat,  it  forms 
a kind  of  consistent  mass,  more  or  less  firm,  but  still  tre- 
mulous, with  a portion  of  interposed  fluid.  This  takes 
place  at  a temperature  of  160°,  and  it  does  not  require 
the  presence  of  the  air.  It  is  produced,  by  adding  to  the 
serum  two  or  three  parts  of  boiling  water ; but  if  the  se- 
rum has  been  previously  diluted  with  cold  water,  it  does 
not  happen.  It  is  also  occasioned  by  the  addition  of  a 
number  of  substances,  as  by  several  acids,  by  salts  having 
an  excess  of  acid,  by  alkohol,  and  by  several  metallic  oxides. 
This  coagulation,  especially  as  it  is  produced  by  heat,  is  a 
true  analysis  of  the  serum.  As  the  substance  which  coa- 
gulates has  all  the  properties  of  the  white  of  an  egg,  it  has 
been  termed  Albumen.  It'  exists  in  many  other  animal 
products,  and  is  indeed  one  of  the  most  abundant  proxi- 
mate principles  of  animal  matter,  especially  of  the  animal 
fluids  and  of  the  softer  solids;  it  is  therefore  necessary  that 
its  properties  should  be  fully  stated. 

Albumen  (of  which  the  white  of  the  egg  furnishes  the 
best  example)  is  distinguished  by  the  following  properties. 

It  is  soluble  in  water,  and  is  separated  from  it  by  coa- 
gulation, by  heat,  by  alkohol,  by  acids,  and  several  me- 
tallic oxides.  After  its  coagulation,  it  is  no  longer  soluble 
in  water,  unless  by  long  boiling.  It  has  been  observed, 
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that  the  coagulum  separated  by  alkohol  is  more  soluble 
than  that  separated  by  acids.  It  was  supposed  by  Four- 
croy,  that  the  separation  of  this  principle  is  owing  to  its 
receiving  oxygen ; but  the  fact,  that  it  is  precipitated  by 
alkohol,  while  it  is  not  by  several  substances  containing 
oxygen  and  yielding  it  readily,  as  oxy muriate  of  potash, 
sufficiently  refutes  this  opinion  : lhenard  has  stated,  that 
it  takes  place  in  vacuo  as  readily  as  in  atmospheric  air ; he 
supposes  the  coagulation  to  be  merely  the  result  of  the 
condensation  of  the  albumen,  and  the  insolubility  of  con- 
crete albumen  is  owing  to  its  being  in  this  condensed 
state  *.  If  albumen  is  dissolved  in  8 or  12  parts  of  cold 
water,  it  is  not  coagulated  by  heat ; but  even  when  diluted 
with  a large  quantity,  as  with  1000  times  its  weight,  the 
liquor  when  heated,  though  not  properly  coagulated,  be- 
comes opaque  f. 

Albumen  is  dissolved  by  the  alkalis.  Its  solution  by  am- 
monia proceeds  slowly,  and  is  completed  only  in  the  course 
of  several  months.  The  solution  is  in  the  form  of  a viscid 
pulp,  porous,  and  of  a much  greater  volume  than  the  ori- 
ginal albumen.  Potash  and  soda  dissolve  it  with  facility 
even  in  the  cold : a quantity  of  ammonia  is  disengaged 
during  the  solution ; a grey  powder  is  precipitated,  and 
the  liquor  is  of  a dark  brown  colour : they  also  dissolve 
it,  even  in  its  coagulated  state. 

Sulphuric,  nitric,  and  muriatic  acids  coagulate  albumen, 
and  in  a more  concentrated  state  dissolve  it.  In  the  con- 
centrated sulphuric  acid,  the  solution  goes  on  slowly.  In 
the  nitric  acid  the  action  is  more  rapid ; it  can  scarcely, 
however,  be  termed  a solution  : a large  quantity  of  clastic 
fluid  is  discharged,  and  an  oily-like  matter  is  precipitated, 
soluble  in  alkohol.  Phosphoric  and  acetic  acids,  accord- 
ing to  Berzelius,  do  not  coagulate  it. 


* Annales  de  Chimie,  tom.  lxvii.  p.  o20. 
t Bostock,  Nicholson’s  Journal,  vol.  xi.  p.  247. 
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Albumen,  when  decomposed  by  heat,  affords  the  usual 
products  of  animal  matter.  It  also  contains  sulphur.  The 
effect  of  the  white  of  an  egg  in  blackening  silver  has  been 
long  known  ; and  Parmentier  and  Deyeux  found,  that  on 
triturating  albumen  with  a solution  of  silver,  and  digesting 
it  in  water  with  a gentle  heat,  sulphuret  of  silver  is  formed. 
Its  residuum  affords  phosphate  of  lime. 

In  the  analysis  of  animal  matter,  it  is  of  importance  to 
have  tests,  by  which  minute  quantities  of  albumen  may  be 
detected,  as  it  enters  largely,  as  an  immediate  principle, 
into  the  composition  of  many  animal  products.  Corrosive 
muriate  of  mercury  is  one  of  the  most  delicate,  and  at  the 
same  time  the  most  accurate.  If  a very  small  portion  of 
the  albumen  of  an  egg  be  added  to  a large  quantity  of  wa- 
ter, on  adding  a few  drops  of  the  solution  of  the  corrosive 
muriate,  a milkiness,  and  at  length  a precipitate,  is  occa- 
sioned. Dr  Bostock  found,  that  by  this  test,  albumen  di- 
luted with  2000  times  its  weight  of  water  is  detected.  The 
acetate  of  lead,  (Goulard’s  extract),  and  the  nitrate  of  sil- 
ver, likewise  precipitate  it ; but  they  are  less  useful  tests, 
as  they  act  on  other  varieties  of  animal  matter,  which  the 
muriate  of  mercury  does  not*.  A solution  of  tannin  pro- 
duces, slowly,  a yellow  precipitate. 

When  albumen  has  been  coagulated,  its  properties  are 
considerably  changed.  It  is  no  longer  soluble  in  water  : 
by  drying  it  becomes  brittle,  hard,  and  semi-transparent. 
Digested  in  water,  it  becomes  soft,  but  does  not  soon  suf- 
fer any  farther  change.  It  is  changed  by  the  action  of  the 
acids.  Nitric  acid  appears,  from  Mr  Hatchet’s  experi- 
ments f,  to  convert  it  into  a matter  analogous  to  gelatin. 
The  alkalis  dissolve  it,  at  the  same  time  decomposing  it  and 
causing  a formation  of  ammonia. 

Albumen  exists  not  only  in  the  blood,  but  forms  a con- 


* Nicholson’s  Journal,  vol.  xi.  p.  247. 
t Philosophical  Transactions,  1800,  p.  376. 
vol.  IV.  F f 
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stituent  part  of  many  of  the  soft  fluids.  From  Mr  Hat- 
chet’s experiments,  it  appears  to  be  the  basis  of  cartilage, 
shell,  horn,  and  hair,  and  it  enters  into  the  composition 
of  membrane,  muscular  fibre,  and  bone. 

Alter  the  albumen  has  been  separated  by  heat  fiom  the 
serum  of  the  blood,  there  remains  a portion  of  animal  mat- 
ter, with  regard  to  the  nature  of  which  different  opinions 
have  been  maintained.  The  liquor  affording  a precipitate 
with  infusion  of  tannin,  and  becoming  viscid  by  inspissa- 
tion,  the  dissolved  matter  was  supposed  to  be  the  peculiar 
animal  principle  named  Gelatin,  which  exists  as  a consti- 
tuent part  of  some  of  the  soft  solids,  and  is  characterized 
by  affording  with  water,  in  a certain  state  of  concentra- 
tion, a solution  of  a gelatinous  consistence,  and  forming 
an  insoluble  compound  with  tannin.  Dr  Bostock  lound, 
however,  that  this  fluid,  the  Serosity  as  it  has  been  named, 
does  not  give  any  proper  gelatinous  appearance ; and  as 
albumen  as  well  as  gelatin  forms  a precipitate  with  tannin, 
this  result  it  is  evident  is  not  conclusive.  The  peculiar 
test  of  albumen  is  that  of  being  coagulated  by  corrosive 
muriate  of  mercury,  which  gelatin  is  not.  1 he  serum, 
after  the  separation  of  albumen  from  it  by  coagulation,  Dr 
Bostock  found,  became  quite  milky,  and  formed  a pieci- 
pitate  with  this  test,  proving  that  a portion  of  albumen  still 
remained  dissolved  in  it ; and  when  the  w hole  of  this  wras 
removed  by  the  action  of  the  muriate  of  mercury,  it  no 
longer  yielded  a precipitate  with  tannin.  The  conclusion 
followed,  therefore,  that  gelatin  does  not  exist  in  the  serum, 
and  that  the  appearances  from  which  this  had  been  inferred, 
arise  merely  from  a small  portion  of  uncoagulated  albumen 
remaining  in  it.  A minute  portion  of  animal  mattei  le- 
mains  after  the  separation  of  the  albumen  by  muriate  of 
mercury,  which  Dr  Bostock  has  considered  as  a peculiar 
principle,  named  Mucus,  and  distinguished  by  the  pro- 
perties of  not  being  affected  by  corrosive  muriate  of  mer- 
cury, or  by  tannin,  but  being  precipitated  by  acetate  of 
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lead.  It  is  probable,  however,  as  has  been  shewn  by  Dr 
Pearson,  that  this  is  a residual  portion  of  the  albumen, 
the  properties  of  which  are  not  apparent  from  the  dilution, 
or  are  modified  by  the  action  of  the  saline  matter  *. 

The  saline  substances  contained  in  the  serum,  and  which 
remain  after  the  separation  of  the  animal  matter,  are  not 
easily  determined  with  perfect  precision.  Muriate  of  soda 
appears  to  be  the  one  which  is  in  largest  proportion,  and 
is  discovered  by  its  cubical  crystals  on  evaporation  : it  ap- 
pears also  that  a portion  of  muriate  of  potash  is  present, 
and  the  presence  of  this  alkali  in  this,  or  in  some  other 
state  of  combination,  is  unequivocally  proved  by  the  tests 
of  tartaric  acid  and  muriate  of  platina,  applied  to  the  sa- 
line residue  of  the  serum  after  incineration.  The  free  al- 
kali existing  in  the  serum,  was  inferred  by  Rouelle  to  be 
soda,  chiefly  from  his  finding  muriate  of  soda  to  be  ob- 
tained from  adding  muriatic  acid.  Dr  Pearson,  from 
some  experimental  researches  on  serum,  and  several  other 
animal  fluids,  concluded  that  the  free  alkali  they  contained 
is  potash  f.  Dr  Marcet,  from  other  results,  maintained 
the  opinion,  that  soda  is  the  uncombined  alkali  existing  in 
these  fluids,  and  that  potash  is  present  only  in  the  state  of 
muriate  f.  Berzelius  agrees  in  the  conclusion  that  soda  is 
present  in  the  serum  in  the  state  of  sub-carbonate  ; he  also 
finds  muriates  of  potash  and  soda,  lactate  of  soda,  and 
phosphate  of  soda.  Some  other  saline  substances  are  ob- 
tained by  incineration  of  the  evaporated  matter  of  the  se- 
rum, particularly  sulphate  of  potash  in  minute  quantity, 
and  earthy  phosphates  ; but  these  Berzelius  regards  as  pro- 
ducts of  decomposition,  as  they  are  yielded  by  the  incine- 
ration of  albumen  alone.  It  is  not  improbable,  however, 
that  the  earthy  bases  must  exist  in  some  state  of  saline 


* Nicholson’s  Journal,  vol.  xxxii.  p.  47. 
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combination.  The  quantities  of  these  ingredients  are  so 
minute,  and  they  are  in  such  a state  of  intermixture,  that 
it  is  difficult  to  establish  the  precise  results  with  accuracy. 

The  following  is  the  composition  of  the  serum  of  the 
blood,  as  given  by  Berzelius  : water  905,  albumen  80,  mu- 
riate of  potash  and  soda  6,  lactate  of  soda  united  with  ani- 
mal matter  4,  soda,  phosphate  ol  soda,  and  a little  animal 
matter  4.1.  With  this  the  analysis  by  Dr  Marcet  very 
nearly  corresponds,  his  muco-extractive  matter  being  the 
impure  lactate  of  Berzelius.  He  finds  in  1000  parts,  wTa- 
ter  900,  albumen  86.8,  muriate  of  potash  and  soda  6.6, 
muco-extractive  matter  4,  sub-carbonate  of  soda  1.65,  sul- 
phate of  potash  0.35,  earthy  phosphates  0.60.  Accord- 
ing to  Berzelius,  the  serum  of  human  blood,  to  which  his 
analysis  applies,  contains  three  times  the  quantity  of  mu- 
riates that  the  serum  of  ox  blood  does,  owing,  as  he  sup- 
poses, to  the  quantity  of  salt  consumed  by  man.  It  also 
contains  more  muriate  of  potash. 

From  the  composition  and  properties  of  the  principles 
of  the  serum,  we  perceive  the  nature  of  the  changes  it  pro- 
duces, or  which  it  suffers  from  certain  chemical  agents. 
Thus,  from  the  alkali  it  contains,  it  changes  the  vegetable 
colours  to  a green;  it  is  coagulated  by  heat,  by  alkohol, 
and  acids,  from  the  coagulability  of  the  albumen  ; it  is  ren- 
dered thinner  by  the  alkalis,  from  the  solvent  power  they 
exert  on  the  albuminous  matter ; gives  a precipitate  with 
tannin,  from  the  combination  of  that  principle  with  albu- 
men ; it  reduces  several  of  the  metallic  oxides  when  digest- 
ed with  them,  and  passes  itself  to  the  solid  state,— a change 
probably  owing  to  its  albumen  attracting  oxygen.  And 
when  decomposed  by  heat,  it  affords  carbonate  and  prus- 
siate  of  ammonia,  empyreumatic  oil,  carburetted  and  sul- 
phuretted hydrogen  gases,  with  carbonic  acid  gas  ; its  re- 
siduum being  charcoal,  containing  the  salts  which  have 
been  mentioned  as  being  dissolved  in  this  fluid. 
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The  properties  of  the  Crassamentum,  or  solid  coagulum 
of  the  blood,  are  next  to  be  considered. 

It  is  of  a dark  red  colour  : by  exposure  to  atmospheric 
air,  or  to  oxygen,  it  acquires  a more  florid  red  hue,  and 
it  becomes  darker  on  being  exposed  to  hydrogen,  carbonic 
acid,  or  any  other  gas,  carburetted  hydrogen  excepted ; 
this  last  gas,  like  oxygen,  gives  a more  vivid  colour.  In  all 
these  cases  the  gas  by  which  the  change  is  effected  seems  to 
be  absorbed,  though  not  in  considerable  quantity.  These 
changes  take  place,  even  when  the  coagulum  is  covered 
with  serum.  The  change  of  colour  is  confined  nearly  to 
the  surface;  the  crassamentum,  when  rendered  florid  by 
exposure  to  oxygen,  appearing  of  a dark  colour  internally, 
when  cut  into. 

The  crassamentum  exposed  to  the  air  does  not  imme- 
diately putrefy : it  retains  its  colour  and  consistency  for 
several  days,  if  the  temperature  of  the  air  is  not  high.  If 
it  be  exposed  to  a moderate  warmth,  it  is  dried  : it  retains 
its  dark  red  colour,  and  if  kept  in  a dry  place,  may  be 
preserved  for  a long  time  without  decomposition.  De- 
composed by  heat,  it  affords  the  same  products  as  other 
animal  substances  ; and  the  residual  charcoal  contains  iron, 
with  salts  having  lime  and  the  alkalis  for  their  bases,  and 
containing  phosphoric  acid. 

The  crassamentum  is  not  a homogeneous  substance.  If 
it  be  washed  with  water,  by  inclosing  it  in  a linen  bag, 
immersing  it  repeatedly,  and  pressing  it  gently,  the  water 
acquires  a deep  red  colour,  and  there  remains  a fibrous 
matter,  nearly  white.  By  this  simple  analysis  it  is  resolved 
into  two  distinct  principles, — colouring  matter,  carried  off 
by  the  water,  and  a solid  fibrous  substance,  which  remains. 
The  former  is  named  the  Colouring  Matter  of  the  Blood ; 
the  latter  the  Gluten,  Coagulable  Lymph,  or  Fibrin. 

The  colouring  matter,  from  microscopical  observations, 
has  been  supposed  to  consist  of  round  globules,  which  some 
have  even  imagined  to  be  organized  : it  appears  rather  to 
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adhere  to  these  globules,  and  to  be  capable  of  being  ab- 
stracted from  them  by  water.  It  is  the  matter  on  which 
the  gases  act  with  peculiar  energy.  If  it  is  exposed  to  at- 
mospheric air,  or  oxygen,  or  even  to  substances  capable  of 
affording  oxygen,  if,  for  example,  oxide  of  roeicury  is  dif- 
fused through  its  watery  solution,  it  acquires  a florid  hue: 
if  exposed  to  hydrogen  or  carbonic  acid,  it  is  said  to  be- 
come of  a brown  or  dark  red  colour.  I have  not  observ- 
ed any  change  of  colour  by  passing  through  it  caibonic 
acid  gas. 

Different  methods  are  employed  to  obtain  thiscolouiing 
matter  pure.  By  the  process  ol  washing  it  from  the  fibrin 
of  the  crassamentum,  it  is  obtained  in  solution  in  water, 
and  is  slowly  deposited.  It  cannot  easily  be  obtained  by 
evaporation,  as,  from  the  requisite  temperature,  it  under- 
goes some  change,  losing  its  colour,  and  separating  in 
brown  flocculi : by  slow  evaporation  however  at  a gentle 
heat,  it  is,  according  to  Berzelius,  procured  without  altera- 
tion. A method  employed  by  Mr  Brande,  is  to  stir  blood 
during  its  coagulation  ; the  fibrin  separates,  and  the  co- 
louring matter  is  diffused  in  the  serum,  from  which  it  gra- 
dually subsides,  being  difficultly  soluble  in  that  fluid.  An- 
other process  which  has  been  more  recently  given  by  \ au- 
quelin  *,  is  to  digest  the  coagulum  of  blood,  from  which 
the  serum  has  been  allowed  to  drain  off  on  a sieve,  in  four 
parts  of  sulphuric  acid  diluted  with  eight  parts  of  water, 
for  five  or  six  hours,  at  a heat  of  160°  : the  liquid  is  to 
be  filtered  while  hot,  the  residuum  being  washed  with  an 
equal  quantity  of  hot  water,  this  liquor  is  to  be  added  to 
the  other,  and  the  whole  is  to  be  evaporated  to  one  half; 
ammonia  is  then  to  be  added,  until  a slight  excess  of  acid 
only  remains.  The  colouring  matter,  which  had  combin- 
ed with  the  acid,  is  precipitated  by  the  ammonia,  and 
water  is  to  be  poured  on  it,  and  decanted  off,  until  it  cease 
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to  give  any  precipitate  with  nitrate  of  barytes.  The  mat- 
ter is  then  to  be  dried  at  a low  heat.  It  is  without  taste 
or  smell.  Its  colour  is  a deep  black,  with  a resinous  lustie 
and  fracture.  It  assumes  a deep  red  colour  when  mixed 
with  water,  but  does  not  dissolve : it  dissolves  in  acids  and 
alkalis,  and  forms  solutions  of  a purple  colour ; when 
heated  it  neither  alters  its  form  nor  colour,  and  by  an  in- 
crease of  heat  is  decomposed.  There  may  be  some  room 
to  doubt,  whether,  as  obtained  by  this  process,  it  does  not 
suffer  some  alteration  from  the  state  in  which  it  exists  in 
the  blood.  According  to  Berzelius,  the  process  is  unne- 
cessary, and  does  not  succeed,  and  the  best  method  is  that 
merely  of  separation  by  water,  and  slow  evaporation. 

When  submitted  to  examination  in  that  state  in  which 
it  may  he  supposed  to  have  suffered  least  alteration,  ab- 
stracted from  the  crassamentum  by  washing  with  water,  or 
by  diffusion  in  the  serum  and  subsidence  from  it,  it  is  found 
to  be  apparently  soluble  in  w'ater,  as  it  forms  a liquor  of  a 
deep  red  colour,  transparent,  and  which  passes  the  filtre  ; 
yet  the  colouring  matter  slowdy  subsides  from  it.  If  the 
heat  be  raised  to  170  or  190,  it  immediately  separates 
in  brown  flocculi,  and  the  liquor  by  filtration  is  obtained 
colourless.  The  addition  of  alkohol  oi  of  ethei  also  len- 
ders the  solution  turbid,  and  a similar  deposite  is  foimed. 
Of  this  a portion  is  dissolved  by  digestion  in  dilute  sul- 
phuric and  muriatic  acids,  and  a part  remains  undissolved. 
The  acids  produce  considerable  changes  on  the  colouring 
matter,  in  general  combining  with  it,  and  forming  com- 
pounds, insoluble  or  soluble  according  to  the  proportions. 
Sulphuric  acid,  diluted  with  eight  or  ten  parts  of  water, 
dissolves  it  with  the  aid  of  heat,  forming  a purple  solution, 
which  remains  permanent  a considerable  time ; if  more 
concentrated,  it  impairs  the  bright  colour,  and  forms  also 
an  insoluble  compound  of  a very  dark  colour,  with  an  ex- 
cess of  acid.  Muriatic  acid  poured  on  the  colouring  mat- 
ter, renders  one  portion  of  it  nearly  insoluble,  and  of  a 
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brown  colour;  it  dissolves  another  portion,  forming  a li- 
quor  of  a dark  crimson  colour  equally  permanent,  and 
which  by  evaporation  affords  a red  coloured  matter.  Ni- 
tric acid,  even  much  diluted,  impairs  the  colour,  and  this 
with  so  much  energy,  that  a lew  drops  added  to  the  sul- 
phuric or  muriatic  solutions  render  them  brown.  Acetic 
and  several  of  the  other  vegetable  acids  form  solutions  oi 
a deep  red  colour,  which,  like  the  greater  number  of  these 
solutions,  exhibits  a shade  of  green  by  transmitted  light. 
The  alkalis,  either  pure  or  in  the  state  of  carbonate,  form 
solutions  which  are  of  a deep  red,  and  extremely  perma- 
nent; and  these  liquors  may  be  evaporated  nearly  to  dryness 
without  losing  their  colour.  The  colouring  matter  forms 
combinations  with  some  metallic  oxides,  as  those  of  tin  and 
quicksilver,  so  as  to  be  abstracted  by  them  from  solutions 
in  which  it  exists  ; it  even  abstracts  these  oxides  from  their 
salts,  forming  coloured  precipitates  ; and  by  their  medium 
as  mordants,  there  is  reason  to  believe  that  it  may  form  a 
permanent  dye  : with  others,  as  oxide  of  lead,  it  does  not 
unite ; nor  does  it  form  a permanent  combination  with  a- 
lumina.  These  facts  have  been  principally  ascertained  by 
Mr  Brande  #. 

The  colouring  matter  of  the  blood  seems  to  be  possess- 
ed of  specific  properties,  its  relations  and  habitudes  being- 
peculiar,  Berzelius  has  supposed  it  to  be  the  same  as  fi- 
brin, except  in  colour,  and  in  not  coagulating;  an  opinion 
father  vague,  since  these  are  in  fact  properties  sufficient 
to  constitute  an  essential  distinction,  and  there  are  others 
equally  important. 

The  colour  has  been  supposed  to  depend  on  the  presence 
of  iron,  a metal  which  in  so  many  cases  gives  tints  of  co- 
lour, where  it  is  present  even  in  minute  quantities.  The 
existence  of  this  metal  in  the  blood  had  been  known  to 
chemists.  Lemery  and  Menghini  discovered,  that  from 
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blood  dried  by  a very  gentle  heat,  it  could  be  extracted  in. 
a magnetic  state.  Bucquet  found,  that  the  colouring  mat* 
ter  separated  from  the  crassamentum,  dried  and  decom- 
posed by  heat,  gave  a residuum  containing  iron.  Par- 
mentier  and  Deyeux  supposed  that  the  alkali  of  the  blood 
retained  oxide  of  iron  in  solution.  Sage  and  Gren  sup- 
posed, that  the  iron  existed  in  the  blood  in  combination 
with  phosphoric  acid;  and  Fourcroy  and  Vauquelin  gave 
experiments,  by  which  they  suppose  this  to  be  established. 
It  exists,  according  to  these  chemists,  in  the  state  of  sub- 
phosphate of  iron,  a compound  which  they  describe  as  be- 
ing of  a brownish  red  colour,  not  very  soluble  in  acids,  but 
soluble  in  alkalis  ; and  it  is  by  the  action  of  the  free  alkali 
of  the  blood  that  they  supposed  it  to  be  dissolved.  They 
accordingly  stated,  that  this  sub-phosphate  of  iron  is  dis- 
solved in  the  serum  of  the  blood,  or  in  the  white  of  an  egg, 
even  without  heat,  and  that  it  forms  a red  colour  similar 
to  that  of  the  blood.  A little  pure  alkali  accelerates  this 
solution,  and  renders  its  colour  more  perfect  and  lively  *. 

The  opinion  that  the  colour  of  the  blood  depends  on 
iron,  had  not  been  altogether  received.  It  had  been  call- 
ed in  question  by  Dr  Wells,  though  not  on  very  valid 
grounds ; and  the  opinion  suggested,  chiefly  from  optical 
considerations,  that  “ blood  derives  its  colour  from  the 
peculiar  organization  of  the  animal  matter  of  one  of  its 
parts  f.”  The  experiments  of  Fourcroy  and  Vauquelin 
have  not  been  established  by  others,  but  have  afforded 
different  results.  Berzelius  found,  that  sub-phosphate  of 
iron,  mixed  with  serum,  gives  it  merely  a brown  colour, 
and  instead  of  being  dissolved,  soon  subsides,  or  may  be 
separated  by  a filtre ; neutral  phosphate  of  iron  mixed 
with  serum,  does  not  dissolve,  and  the  addition  of  an  alkali 
produces  the  sub-phosphate,  which  remains  equally  inso- 
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luble.  If  even  phosphoric  acid  be  added  to  dissolve  the 
sub-phosphate  in  mixture  with  the  serum,  a rust-coloured 
liquor  only  is  formed;  if  a small  portion  of  alkali  be  add- 
ed, it  precipitates  a little  albumen,  which  is  re-dissolved 
by  a slight  excess  of  alkali;  and  then  the  liquor  loses  its 
red  colour,  and  the  sub-phosphate  falls  down.  In  a word, 
says  Berzelius,  I have  found  no  method  of  combining  al- 
bumen with  sub-phosphate  of  iron  or  with  any  other  salt 
of  this  metal,  so  as  to  produce  a compound  similar  to  the 
colouring  matter  of  the  blood.  The  albumen  he  found 
dissolves  oxide  of  iron  even  in  larger  quantity  than  what 
exists  in  the  colouring  matter;  but  this  solution  is  yellow- 
ish ; and  the  oxide  of  iron  is  discovered  by  the  usual  re- 
agents ; it  is  easily  obtained  in  combination  with  the  acids 
which  precipitate  albumen  ; and  if  prussiate  of  potash  be 
added,  though  it  does  not  affect  the  colour,  alone,  yet 
on  the  addition  of  a little  muriatic  acid,  a rich  blue  is 
formed.  No  such  effects  are  obtained  from  the  solution  of 
the  colouring  matter  of  the  blood, — neither  infusion  of  galls 
nor  prussiate  of  potash  affect  it  in  the  manner  in  which 
they  act  on  iron,  and  not  even,  as  Vauquelin  has  shewn, 
when  it  is  dissolved  in  diluted  acids,  and  these  tests  add- 
ed to  the  solutions.  Neither  can  any  iron  be  extracted 
from  the  colouring  matter  by  the  action  of  acids,  as  Ber- 
zelius found,  but  only  by  incineration,  a proof  that  it  ex- 
ists in  no  state  of  loose  combination,  but  only  as  an  ulti- 
mate element.  And  in  this  state  it  does  not  appear  how 
it  should  exclusively  give  the  colour,  and  still  less  render 
this  colour  liable  to  be  affected  by  the  gases  and  by  other 
re-agents  *.  The  quantity  too  is  extremely  minute.  Dr 
Pearson  collected  100  grains  of  dried  colouring  matter 
from  about  20  ounces  of  blood  ; by  incineration  it  afforded 
2$-  grains  of  matter,  from  which  not  above  half  a grain  of 
oxide  of  iron  could  be  obtained.  Is  it  probable,  he  adds, 
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that  from  this  20  ounces  of  blood  should  derive  their  co- 
lour? Mr  Brande  likewise  found  the  quantity  to  be  ex- 
tremely minute,  and  to  be  not  larger  than  what  was  ob- 
tained from  the  colourless  coagulum  ; whence  he  was  led 
to  the  conclusion,  that  the  colour  does  not  depend  on  iion, 
but  on  the  composition  of  the  animal  matter.  Vauquelin, 
in  the  memoir  already  referred  to,  confirmed  Mr  Brande  s 
experiments,  and  adopted  the  same  conclusion. 

The  earlier  experiments,  however,  on  this  subject,  seem- 
ed to  leave  no  doubt,  that  iron  can  be  obtained  in  veiy 
sensible  quantity  from  the  colouring  matter  of  blood  by 
incineration.  And  Berzelius  had  found  the  pioportion  to 
be  larger  than  it  appeared  to  be  from  the  more  recent  in- 
vestigations,— about  five  grains  of  ashes  being  procured 
from  400  of  colouring  matter,  of  which  half  the  weight 
was  oxide  of  iron.  He  has  since,  in  consequence  of  Vau- 
quelin’s  experiments,  resumed  the  investigation*.  The 
process  employed  by  this  chemist  to  procure  the  coloui- 
ing  matter  he  found  imperfect,  a considerable  portion  not 
being  dissolved  by  the  acid,  or  rather,  though  combined 
with  a portion  of  acid,  not  being  soluble  in  the  liquid,  so 
as  to  pass  the  filtre;  and  this  insoluble  portion  was  of  a 
very  deep  colour,  and  afforded  by  calcination,  a lesidue 
composed  entirely  of  red  oxide  of  iron.  The  quantity  o> 
iron  obtained  from  the  colouring  matter  he  found,  on  a re- 
petition of  his  experiments,  to  be  the  same  as  that  which 
he  had  formerly  found.  It  can  be  obtained,  however,  in 
no  other  way  than  by  incineration  ; hence  it  is  evident  it 
does  not  exist  as  oxide  of  iron  in  any  usual  state  of  com- 
bination in  the  blood ; and  it  is  more  probable,  as  he  sug- 
gests, that  iron  exists  as  one  of  the  ultimate  elements  of 
colouring  matter,  in  direct  combination  with  the  others. 
How  far  the  colour  depends  on  it,  it  is  not  easy  to  de- 
termine. But  the  circumstances,  that  it  is  not  found  to 
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the  same  extent,  or  even  not  sensibly  in  the  white  solids, 
such  as  albumen  and  fibrin,  and  that  minute  quantities  of 
iron  often  give  rise  to  colour  in  other  combinations,  ren- 
der the  affirmative  not  improbable. 

The  colouring  matter  decomposed  by  heat,  affords,  ac- 
cording to  Vauquelin,  carbonate  of  ammonia,  and  a pur- 
ple oil,  but  scarcely  any  elastic  fluid.  The  residue  is  a 
charred  mass,  soluble  neither  in  acids  nor  alkalis.  Ac- 
cording to  Berzelius,  the  charcoal  of  400  grains  of  colour- 
ing matter,  afford  by  perfect  incineration  5 grains  of  ashes 
composed  in  100  parts,  of  oxide  of  iron  50,  sub-phosphate 
of  iron  7.5,  phosphate  of  lime  with  a small  quantity  of 
magnesia  6 ; pure  lime  20,  carbonic  acid  and  loss  16.5. 
According  to  the  same  chemist,  100  parts  of  the  crassa- 
mentum  contain  64  of  colouring  matter. 

The  other  principal  constituent  part  of  the  crassamen- 
tum,  the  Fibrin,  remains  after  the  colouring  matter  is  car- 
ried off  by  washing:  it  can  also  be  obtained  from  the 
general  mass  of  blood,  by  agitating  it  with  a rod  in  an 
open  vessel : the  other  principles  are  mixed  together,  and 
the  fibrin  adheres  to  the  rod  ; it  forms  those  concretions 
named  Polypi,  sometimes  found  in  the  vessels  of  animals 
after  death ; and  in  certain  diseases,  it  is  disposed  to  sepa- 
rate from  the  other  principles,  giving  rise  to  the  appear- 
ance named  the  Inflammatory  Crust,  or  Buffy  Coat.  It 
is  it  which  gives  to  the  blood  the  property  of  coagulating 
spontaneously.  Its  quantity,  according  to  Fourcroy  and 
Vauquelin,  amounts  at  a medium  to  0.0028.  It  is  con- 
tained in  many  other  animal  products,  as  in  the  muscular 
fibre,  of  which  it  forms  the  basis,  and  is  one  of  the  best 
defined  proximate  principles  of  animal  matter. 

Fibrin  is  a solid  white  substance,  free  of  taste  or  smell, 
ol  a fibrous  texture,  tough,  and  somewhat  elastic : it  har- 
dens and  contracts,  on  exposure  to  a moderate  heat.  It 
is  insoluble  in  water,  except  at  such  a high  temperature  as 
that  obtained  by  pressure  in  Papin’s  digester ; or  after  long 
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continued  boiling,  when  a small  portion  ot  matter  is  found 
to  be  dissolved.  Moistened  with  water,  it  softens,  swells, 
and  begins  to  putrefy : it  suffers  a similar  change  in  a 
damp  atmosphere.  This,  however,  applies  only  to  the  fi- 
brin of  blood,  which  has  probably  some  other  mattei  at- 
tached to  it : for  Hatchet  found,  that  fibrin  obtained  by  re- 
peatedly washing,  and  boiling  the  muscular  fibre  with  wa- 
ter, is  not  very  liable  to  putrefaction. 

Fibrin  is  dissolved  by  the  alkalis,  but  is  at  the  same  time 
decomposed.  Potash  or  soda  acts  upon  it  at  common  tem- 
peratures, renders  it  transparent  and  gelatinous,  and  at 
length  soluble : vapours  of  ammonia  are  disengaged,  and 
a greyish  matter  is  precipitated,  which  is  carbonaceous. 
Ammonia  requires  a temperature  equal  to  170°,  to  enable 
it  to  dissolve  it. 

The  acids  exert  a considerable  action  upon  fibrin.  Ace- 
tic, and  several  of  the  vegetable  acids,  dissolve  it,  fiist  ren- 
dering it  transparent  and  gelatinous : the  solution  is  de- 
composed by  the  alkalis,  and  even  by  water ; but  the  pieci- 
pitate  has  not  the  properties  of  the  original  matter,  being, 
in  particular,  soluble  in  water.  It  is  given  as  a test  of  fi- 
brin by  Berzelius,  that  when  dissolved  by  boiling  in  dilute 
acetic  acid,  the  solution  yields  a yellow  precipitate  on  the 
addition  of  prussiate  of  potash.  Muriatic  acid  has  been 
said  to  dissolve  it.  According  to  Berzelius,  the  stiong 
acid  aided  by  heat  decomposes  it,  producing  a red  or  vio- 
let coloured  solution ; the  diluted  acid  scarcely  dissolves 
any  portion  of  it,  but  by  boiling  converts  it  at  length  into 
a gelatinous  mass,  which,  after  repeated  affusions  with  wa- 
ter, becomes  soluble  in  tepid  water.  Sulphuric  acid  de- 
composes it,  throws  down  a carbonaceous  powdei,  and 
forms  acetic  acid  : the  same  acid  diluted,  and  digested  'with 
fibrin,  acquires  a red  colour ; and  according  to  Berzelius, 
all  these  acids  form  two  compounds  with  fibrin,  one  with 
an  excess  of  acid  w’hich  is  insoluble,  and  one  which,  when 
this  excess  is  removed  by  affusion  with  water,  becomes  neu- 
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tral,  and  at  the  same  time  soluble.  Is'itric  acid,  diluted 
with  a large  quantity  of  water,  disengages  nitrogen  gas, 
which  proceeds  entirely  from  the  fibrin,  as  it  was  ascer- 
tained by  Berthollet,  who  first  observed  the  phenomenon, 
that  the  acid  is  not  decomposed.  The  residuum  is  princi- 
pally oxalic  acid,  with  a small  portion  of  malic  and  acetic 
acids,  and  a portion  of  fatty  matter.  When  the  nitric  acid 
is  undiluted,  it  suffers  decomposition,  and  nitrous  gas, 
mixed  with  nitrogen,  is  disengaged.  The  action  ol  nitric 
acid,  however,  on  fibrin,  is  much  diversified,  according  to 
its  energy.  If  the  action  be  slow,  the  fibrin,  as  Hatchet 
found,  passes  into  a state  analogous  to  gelatin  *.  II  heat 
is  applied,  the  fluid  becomes  yellow,  a fatty  substance  is 
formed,  and  it  appears,  from  the  experiments  of  Fourcroy 
and  Vauquelin  on  muscular  fibre,  to  be  afterwards  stated, 
that  a principle,  analogous  to  amer,  yellow,  bitter,  and  a- 
erid,  is  produced.  By  the  continued  affusion  of  water,  this 
becomes  orange.  Berzelius  considers  these  two  products 
as  compounds  of  nitric  acid  and  fibrin, — the  one  ol  a pale 
yellow  colour,  having  an  excess  of  acid,  the  other  of  an 
orange  hue,  being  neutral. 

Fibrin  exposed  to  heat,  is  decomposed.  An  empyreu- 
matic  oil,  of  offensive  smell,  distils  over,  which  is  followed 
by  carbonate  of  ammonia,  and  very  foetid  gases,  probably 
compounds  of  hydrogen  with  nitrogen  and  phosphorus : 
a charcoal  remains,  dense  and  brilliant,  difficult  of  incine- 
ration, and  containing  phosphate  and  carbonate  of  lime. 
It  seems,  of  any  proximate  principle  of  animal  matter,  to 
contain  the  largest  proportion  of  nitrogen,  as  it  affords 
the  largest  quantity  when  acted  on  by  nitric  acid.  It  ap- 
pears also  to  contain  the  largest  quantity  of  carbon,  as 
the  charcoal  left  in  its  decomposition  by  heat  is  more  a- 
bundant,  according  to  Hatchet’s  observation,  than  that 
from  albumen  or  gelatin.  The  results  of  its  analysis  by 
Gay  Lussac  and  Thenard,  inserted  in  the  table  at  the  end 
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of  the  preceding  chapter,  accordingly  give  a largei  quan- 
tity of  nitrogen  and  carbon  in  its  composition,  and  less 
oxygen,  than  in  that  of  either  ol  these  principles. 

After  pointing  out  the  proximate  principles  of  which 
the  blood  is  composed,  it  remains  to  state  the  chemical 
properties  of  the  entire  fluid. 

Blood  newly  drawn  is  soluble  in  water,  as  it  can  be  dif- 
fused through  it  without  any  alteration,  and  this  dilution 
prevents  its  spontaneous  coagulation.  It  the  mixture,  how- 
ever, be  heated,  flakes  separate,  consisting  of  the  albumen, 
and  the  colour  is  changed  to  a brown.  'I  he  liquor,  sepa- 
rated from  the  coagulum,  yields,  according  to  Fourcroy, 
a yellow  bitter  matter,  by  evaporation. 

Acids  added  to  blood  decompose  it : they  render  its  co- 
lour brown,  and  produce  coagulation : and  form  insoluble 
compounds  with  its  principles.  The  nitric  acid  disengages 
nitrogen  gas ; the  oxymuriatic  acid  renders  it  black.  rI  he 
alkalis,  instead  of  coagulating  the  blood,  render  it  more 
thin,  and  prevent  its  spontaneous  coagulation,  evidently 
from  their  solvent  power  on  the  albumen  and  fibrin.  The 
neutral  salts  frequently  alter  the  colour  of  blood,  and  a 
number  of  them  retard  its  coagulation.  The  metallic  salts, 
in  general,  decompose  and  coagulate  it : alkohol,  and  even 
some  vegetable  principles,  as  starch  and  gum,  likewise  pro- 
duce coagulation  : tannin  thickens  and  renders  it  black. 

When  the  watery  part  of  the  blood  is  withdrawn  by 
gentle  evaporation,  a mass  is  obtained  of  a dark  brown  co- 
lour, which,  if  kept  humid,  passes  into  putrefaction,  and 
evolves  very  offensive  products.  If  dried  more  thorough- 
ly, it  is  obtained  in  the  state  of  a black  powder,  which  in 
a dry  atmosphere  may  be  preserved  with  little  alteration. 
When  exposed  to  heat  it  softens,  swells,  and  in  the  open 
air  inflames  feebly,  exhaling  a foetid  smoke.  The  products 
in  this  decomposition  are,  according  to  Fourcroy,  an  am- 
moniacal  liquid,  carbonate  of  ammonia,  and  a dense  foetid 
vapour,  oily  and  inflammable : after  these  the  vapour  of 
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prussic  acid  is  recognizable  by  its  smell,  and  lastly  phos- 
phoric acid.  The  residuum  consists  of  oxide  of  iron  near- 
ly reduced,  phosphate  of  lime,  and  muriate  of  soda.  When 
the  decomposition  of  blood  by  heat  is  performed  in  close 
vessels,  there  first  distils  over  a quantity  of  water  of  a faint 
odour  ; when  urged  by  a stronger  heat,  this  is  followed  by 
a liquid  holding  dissolved  carbonate  of  ammonia  mixed 
with  oil : this  oil  comes  over  more  copiously  as  the  de- 
composition proceeds,  is  thick,  of  a dark  colour,  and  foe- 
tid ; it  is  accompanied  by  carburetted  and  sulphuretted 
hydrogen  gases.  The  coal  which  remains  in  the  retort  is 
spongy,  of  a brilliant  semi-metallic  appearance,  and  diffi- 
cult of  incineration  ; it  contains,  along  with  charcoal,  iron 
nearly  reduced,  phosphate,  muriate,  and  carbonate  of  so- 
da, and  phosphates  of  iron  and  lime. 

The  preceding  history  of  blood  has  no  reference  to  the 
different  states  in  which  it  exists  in  the  animal  system. 
Such  differences,  however,  exist ; the  blood  in  the  arteries 
of  an  animal  is  not  the  same  as  that  in  the  veins ; and  the 
nature  of  this  difference  is  to  be  explained.  This  includes 
the  chemical  history  of  the  function  of  respiration,  by  which 
the  conversion  of  venous  to  arterial  blood  is  effected. 

The  blood  which  returns  to  the  heart  bv  the  veins,  from 
the  extremities  of  the  arteries,  is  of  a dark  red  colour  verg- 
ing to  purple.  When  received  into  the  right  ventricle,  it  is 
thrown  into  the  pulmonary  artery,  and  conveyed  to  the 
lungs,  where  it  circulates  through  extremely  minute  ves- 
sels, over  a surface  which  it  has  been  calculated  is  at  least 
equal  to  the  whole  external  surface  of  the  body.  During 
this  circulation,  in  which  it  is  exposed  to  the  atmospheric 
air,  alternately  taken  in  and  thrown  out  by  respiration,  it 
changes  its  colour,  becoming  of  a more  vivid  vermilion 
hue.  It  is  returned  by  the  pulmonary  veins  to  the  left 
side  ol  the  heart ; is  thrown  into  the  aorta,  and  distribu- 
ted through  the  arteries  over  the  bodv.  In  the  arteries  it 
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preserves  its  florid  red ; but,  in  their  minute  extremities, 
it  suffers  a change  opposite  to  that  which  it  had  sustained 
in  the  lungs  : it  acquires  the  purple  colour,  and  constitutes 
venoHs  blood,  which  is  returned  to  the  right  side  ot  the 
heart. 

When  we  examine  chemically  the  properties  of  arterial 
and  venous  blood,  we  discover  no  other  difference  between 
them  than  that  of  colour.  The  difference  of  colour,  how- 
ever, points  out  some  difference  in  composition,  though  it 
may  be  too  slight  to  be  detected  by  analysis  ; and  when  we 
examine  the  phenomena  of  respiration,  which  are  intimate- 
ly connected  with  the  change  of  venous  to  arterial  bl jod, 
we  find  that  such  a difference  must  exist. 

In  respiration  atmospheric  air  is  received  into  the  lungs, 
and  retained  for  a short  time.  When  expired,  its  compo- 
sition is  found  to  be  altered.  It  has  lost  a considerable 
part  of  its  oxygen,  and  it  contains  a quantity  of  carbonic 
acid.  The  changes  which  it  has  suffered  are  connected 
with  the  conversion  of  the  venous  into  arterial  blood,  and 
consequently  must  be  accompanied  with  correspondent 
changes  in  the  composition  of  that  fluid. 

Dr  Black  seems  first  to  have  observed,  that  the  air  ex- 
pired from  the  lungs  contains  carbonic  acid,  from  finding 
a milkiness  to  be  produced  when  it  is  transmitted  through 
lime-water.  Priestley  some  years  afterwards  considered 
respiration  as  analogous  to  what  he  named  phlogistic  pro- 
cesses in  general,  that  is,  to  processes  in  which  oxygen  is 
consumed  ; the  air  being  rendered  incapable  of  support- 
ing combustion  or  respiration.  Lavoisier  soon  after  as- 
certained, that  during  respiration,  the  oxygen  of  the  in- 
spired air  is  in  part  consumed,  and  that  carbonic  acid  is 
formed. 

When  these  discoveries  were  made,  it  became  an  object 
of  importance  to  determine  the  extent  of  these  changes ; 
in  other  words,  the  quantity  of  oxygen  consumed,  and  that 
of  carbonic  acid  produced.  With  regard  to  this,  however. 
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the  results  of  the  experiments  of  different  chemists  have 
been  extremely  discordant ; partly  from  the  changes  being 
influenced  by  the  volume  ol  the  lungs,  the  state  ot  the  cir- 
culation, the  nature  ot  the  food,  the  state  ot  the  assimila- 
tory  organs,  and  the  temperature,  all  ot  which  it  is  not 
easy  to  obtain  uniform,  and  partly  Irom  the  expeiiments 
having  often  been  performed,  not  on  natural  respiration, 
but  on  air  repeatedly  inspired;  or  by  confining  an  animal 
in  a quantity  of  air,  when  there  was  not  only  this  source  ot 
error,  but  another  in  the  effects  of  cutaneous  transpiration. 

The  earliest  experiments  were  those  by  Crawford  and 
Lavoisier.  Crawford  found,  that  when  20. 1 grains  of  car- 
bonic acid  gas  were  formed,  18.9  grains  ot  oxygen  v\eie 
consumed  * ; and  Lavoisier  obtained  a result  not  far  dif- 
ferent,.26  grains  of  carbonic  acid  being  produced,  when  23.2 
grains  of  oxygen  were  consumed  ■f : in  botli  cases,  theieioie, 
a larger  proportion  of  oxygen  disappearing  than  was  ne- 
cessary to  form  the  quantity  of  carbonic  acid  expired.  The 
experiments,  however,  w7crc  made  in  the  exceptionable  man- 
ner of  confining  an  animal  in  the  air  respired,  and  cannot 
therefore  be  relied  on  as  indicating  the  pioportions  ot  tin 
changes  in  natural  respiration. 

Goodwin,  by  examining  the  air  received  into  the  lungs 
in  one  inspiration,  found,  that  when  12  cubic  inches  weie 
breathed,  the  air  expired  had  lost  1.56  of  oxygen,  while  it 
bad  acquired  1.32  of  carbonic  acid ; so  that  when  22  parts  of 
carbonic  acid  were  produced,  26  parts  of  oxygen  by  measure 
were  consumed  % ; but  this  mode  of  experiment  is  liable  to 
fallacy,  from  the  small  quantity  of  air  operated  on,  and  from 
this  quantity  not  being  the  whole  of  what  is  submitted  to 
the  action  of  the  blood  in  the  lungs  in  a single  respiration. 

Priestley,  in  some  experiments  subsequent  to  those  which 

* Crawford  on  Animal  Heat,  p.  547. 
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he  first  made  on  respiration  *,  found  the  proportion  ot 
oxygen  consumed  to  that  of  carbonic  acid  formed  higher 
than  that  above  stated,  attended  at  the  same  time  with  a 
great  diminution  of  volume.  But  the  same  air  was  repeat- 
edly inspired,  and  hence,  from  the  difficulty  attending  it, 
the  due  proportion  had  not  been  thrown  from  the  lungs, 
at  the  concluding  expiration. 

In  a memoir  on  respiration,  in  the  Memoirs  of  the  Aca- 
demy of  Sciences  for  1789,  by  Seguin  and  Lavoisier,  it  is 
stated,  that,  from  experiments  by  the  former  chemist  upon 
himself,  the  mean  consumption  of  oxygen  in  respiration  is 
in  the  course  of  twenty-four  hours  24  cubic  feet,  or  2 lbs. 
1 oz.  1 dr.  and  that,  in  the  same  time,  the  quantity  of  car- 
bonic acid  formed  is  equal  to  2 lbs.  5 oz.  4 dr.  f But  in  a 
second  memoir,  in  the  Transactions  of  the  Academy  for 
1790,  the  consumption  of  oxygen  is  stated  at  a little  more 
than  22  cubic  feet  in  twenty-four  hours,  or  33  ounces  1 
drachm  and  10  grains,  while  the  quantity  of  carbonic  acid 
formed  in  the  same  time  is  stated  at  only  8 cubic  feet  6 cu- 
bic inches,  or  17  ounces  7 dr.  4 gr.  Such  a discordance 
prevents  any  confidence  from  being  placed  in  either  result. 

From  some  experiments  by  Davy,  performed  on  natu- 
ral respiration,  it  follows,  that  when  31.6  cubic  inches  of 
oxygen  are  consumed,  which  is  in  the  course  of  respiration 
for  a minute,  2 6.6  cubic  inches  of  carbonic  acid  are  pro- 
duced f. 

Some  years  prior  to  these,  I executed  some  experiments 
in  a similar  manner  ||.  A thin  varnished  bladder  was  fur- 
nished with  a stop-cock,  and  by  a little  practice,  the  faci- 
lity of  inspiring  from  the  external  atmosphere  and  into  the 
bladder  was  acquired;  the  stop- cock  being  shut  at  the  in- 
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spiration,  and  being  opened,  by  turning  it  with  one  hand 
while  the  nostrils  were  closed  with  the  othei , at  the  succeed- 
ing expiration.  The  quantity  of  air  expired,  amounted  in 
thirty  seconds  to  265  cubic  inches : the  quantity  of  carbo- 
nic acid  gas  contained  in  it  was  found  to  amount  to  16 
cubic  inches.  The  oxygen  in  the  residual  air  amounted  to 
44.1  cubic  inches.  To  determine  what  quantity  had  been 
consumed,  it  remained  to  ascertain  the  quantity  contained 
in  the  air  inspired;  but  as  this,  from  the  manner  ot  making 
the  experiment,  by  breathing  from  the  attnospheie,  was 
not  measured,  the  quantity  of  ltwas  inferred,  fi  om  the  quan- 
tity expired,  adding  to  this  of  volume  to  compensate 
for  the  diminution,  which,  according  to  the  experiments  of 
Lavoisier,  Goodwyn,  and  others,  the  air  sustains  in  respi- 
ration. This  makes  the  quantity  of  air  inspired  equal  to 
270  cubic  inches,  containing  63.4  cubic  inches  ol  oxygen. 
The  expired  air  contained  44.1  cubic  inches,  and  conse- 
quently 1 9.3,  or,  making  allowance  for  a correction  to  bring 
it  to  the  standard  atmospheric  pressure  and  temperature, 
19  cubic  inches  of  oxygen  had  been  consumed.  It  follows, 
therefore,  that  in  the  course  of  a minute  38  cubic  inches  ol 
oxygen  had  been  consumed,  and  32  cubic  inches  of  carbo- 
nic acid  formed  *. 

More  lately,  a series  of  experiments  was  made  on  this 
subject  by  Messrs.  Allen  and  Pepys  f,  with  an  apparatus 
in  which  the  volume  of  the  air  could  be  measured  with  great 
accuracy,  and  in  which  a large  quantity  (3  or  4000  cubic 
inches)  could  be  respired  ; so  that  the  source  of  error  to 
which  experiments  on  a smaller  scale  are  liable,  from 
the  influence  of  the  residual  air  in  the  lungs,  is  much  di- 
minished. In  the  formation  of  carbonic  acid  by  the  com- 


* If  there  is  no  diminution  of  the  volume  oi  the  air  in  respira- 
tion, then  the  quantity  of  oxvgen  consumed  amounts  only  to  ?6 
cubic  inches  in  a minute. 

i Philosophical  Transactions,  ISOS. 


S 


OF  THE  BLOOD. 


469 


bifiation  of  charcoal  with  oxygen  gas,  there  is  reason  to  be- 
lieve, that  there  is  no  change  of  volume.  To  determine, 
therefore,  the  relative  proportions  ot  oxygen  gas  consumed, 
and  of  carbonic  acid  gas  formed  in  respiration,  and  thus 
ascertain  whether  a portion  of  oxygen  is  consumed  besides 
what  is  necessary  to  form  the  carbonic  acid  expired,  no- 
thin'? more  was  necessarv  than  to  discover  whether  the  vo- 
lume  of  the  air  inspired  experienced  any  change.  From 
their  experiments,  a slight  diminution  appeared  to  be  pro- 
duced in  the  air  by  respiration.  It  was  much  smaller,  how- 
ever, than  that  observed  by  former  chemists ; and  they  con- 
sidered it  as  arising  from  the  difficulty  of  bringing  the  lungs 
into  the  same  state  at  the  end  of  the  experiment  as  at  the 
commencement.  They  accordingly  found,  that  when  the 
experiment  was  continued  for  a long  time,  instead  ot  the 
diminution  continuing  to  bear  the  same  relative  proportion 
to  the  quantity  of  air  which  had  passed  through  the  lungs 
in  that  time,  it  had  become  less ; so  that  in  an  experiment 
in  which  the  respiration  continued  24-§  minutes,  and  in 
the  course  of  which  9S90  cubic  inches  of  atmospheric  air 
had  been  inspired,  the  expired  air  measured  9872,  or  there 
was  a deficit  on  this  large  quantity  of  only  18  cubic  inches. 
There  is  therefore  apparently  no  consumption  of  oxygen  be- 
yond what  is  necessary  to  form  the  carbonic  acid  expired. 
The  quantity  of  carbonic  acid  expired  must  be  liable  to 
variation  in  different  individuals,  and  under  different  cir- 
cumstances : it  is  greater,  for  example,  when  respiration  is 
performed  quickly  ; in  this  case  they  found  the  quantity  to 
be  32  cubic  inches  in  a minute  ; but  in  respiration  as  near- 
ly natural  as  possible,  they  estimate  it  on  an  average  at  26.6 
cubic  inches,  at  the  temperature  of  50°.  And  as  oxygen 
gas  occupies  the  same  space  when  converted  into  carbonic 
acid  gas  as  it  does  in  its  pure  state,  this  is  also  the  quan- 
tity, estimated  by  volume,  of  the  oxygen  consumed  in  the 
same  time. 

These  experiments  agree  nearly  with  the  most  accurate 
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of  those  formerly  made,  as  to  the  quantity  of  carbonic  acid 
formed  in  respiration,  and  differ  chiefly  in  the  result,  that 
there  is  no  diminution  of  the  air,  and  therefore  no  oxygen 
can  be  supposed  to  be  absorbed  into  the  system.  There 
can  be  no  doubt  but  that  the  source  of  error  which  gave 
rise  to  the  opposite  conclusion,  might  exist  in  experiments 
performed  on  a small  scale;  and  that  it  is  best  obviated  in 
performing  the  experiment  on  a large  scale;  but  as,  after  all, 
a small  diminution  was  perceived  in  their  experiments,  and 
as  also  in  respiration,  under  other  circumstances,  a quan- 
tity of  oxygen  appears  to  be  absorbed  into  the  system,  as 
I shall  have  immediately  to  state,  some  doubt  may  remain, 
but  that  there  is  such  an  absorption,  to  a small  extent,  in 
natural  respiration.  Berthollet  more  recently  found  a di- 
minution in  the  volume  of  the  air,  but  not  to  a great  extent; 
and  as  it  was  variable,  and  the  experiments  were  made  on 
an  animal  confined  in  a quantity  of  air,  the  result  is  doubt- 
ful. In  exposing  blood  to  atmospheric  air,  the  abstraction 
of  a portion  of  its  oxygen  was  replaced  by  an  equal  volume 
of  carbonic  acid  gas  *. 

It  is  a just  observation  by  Berzelius  f,  that  the  quantity 
of  carbonic  acid  gas  stated  to  be  produced  in  respiration  is, 
according  to  the  usual  estimates,  such  as  to  involve  a dif- 
ficulty with  regard  to  the  quantity  of  carbon  which  must 
be  inferred  to  be  abstracted  from  the  system,  or  rather  the 
conclusion  which  must  necessarily  be  drawn  with  regard  to 
this,  affords  a proof  that  these  estimates  are  incorrect. 
Taking  that  of  Allen  and  Pepys,  that  26.6  cubic  inches  of 
carbonic  acid  are  expired  by  an  adult  in  a minute;  this 
implies  a consumption  of  II  ounces  nearly  of  carbon  in  24 
hours,  a quantity  certainly  exceeding  greatly  the  quantity 
contained  in  the  average  proportion  of  food  consumed  in 
that  time.  The  estimate,  therefore,  of  the  production  of 

* Memoires  d’Arcucil,  tom.  ii.  p.  455. 

t A iew  of  Animal  Chemistry,  p.  5.9.’ 
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carbonic  acid  is  undoubtedly  stated  too  high  m this  and  m 
all  the  other  series  of  experiments,  arising  partly  perhaps 
from  their  having  been  made  under  circumstances  when 
the  production  is  greatest,  but  principally  probably  from 
the  difficulty  of  imitating  natural  respiration,  and  the  ten- 
dency there  is  to  relieve  the  uneasy  sensation  which  atten- 
tion to  the  act  of  respiration  causes,  by  making  the  respi- 
rations either  more  frequent,  or  if  slow  more  full;  whence 
both  the  formation  of  carbonic  acid  may  actually  be  ren- 
dered greater,  and  at  least  the  proportion,  when  the  esti- 
mate is  extended  to  24  hours,  is  augmented.  The  quan- 
tities of  oxygen  consumed,  and  carbonic  acid  formed,  aic 
also  considerably  influenced  by  circumstances,  as  is  to  be 
immediately  stated. 

The  air  expired  from  the  lungs,  always  contains  watery 
vapour,  as  is  evident  from  its  condensation  when  we  breathe 
in  a cold  atmosphere.  The  quantity  it  is  difficult  to  esti- 
mate with  accuracy.  Dr  Menzies  breathed  into  a laige 
allantoid,  which  had  been  weighed  in  a delicate  balance ; 
the  air  was  allowed  to  remain  in  it,  to  allow  of  the  con- 
densation of  the  vapour,  and  from  the  weight  the  allantoid 
gained,  he  concluded,  that  2 grains  of  vapour  are  expired 
in  a minute.  Mr  Abernethy,  by  breathing  into  a glass 
vessel  adapted  to  condense  the  water,  found  the  quantity 
equal  to  3 grains  in  a minute  *.  13y  exposing  acetate  of 

potash,  a salt  very  deliquescent,  in  a thin  bladder  into 
which  air  was  breathed  tor  half  a minute,  I found  i cason 
to  conclude,  comparing  the  result  with  the  increase  ot 
weight  which  the  salt  gained  from  the  same  volume  of  at- 
mospheric air,  that  3 grains  of  watery  vapour  are  expired 

in  a minute. 

It  is  lastly  to  be  determined,  what  is  the  influence  of  the 
nitrogen  of  the  atmosphere  in  respiration.  With  regard 
to  this  different  conclusions  have  been  formed.  Lavoisier, 


* Physiological  Essays,  p.  141. 
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in  his  early  experiments,  considered  it  as  suffering  no 
change  * * * §.  Priestley,  in  the  experiments  already  referred 
to,  in  which  he  breathed  the  same  air  repeatedly,  observ- 
ed an  apparent  consumption  of  nitrogen ; but  he  after- 
wards inclined  to  the  supposition,  that  the  deficiency  arose 
from  the  greater  proportion  of  it  remaining  in  the  lungs 
after  the  process  than  before.  Davy  concluded,  that  ni- 
trogen is  consumed  in  respiration,  a quantity  disappearing 
equal  to  about  two-tenths  of  a cubic  inch  at  each  natural 
respiration,  13  cubic  inches  being  the  quantity  of  air  taken 
into  the  lungs ; and  as  the  number  of  natural  inspirations 
amounted  in  a minute  to  26  or  27,  it  followed,  that  in  that 
time  5.2  cubic  inches  of  nitrogen  are  consumed, — a result 
which  was  confirmed  by  continued  respiration,  as  well  as 
by  the  respiration  of  animals  confined  in  a portion  of  air, 
though  in  the  latter  case  the  quantity  consumed  appeared 
to  be  less  f.  This  absorption  of  nitrogen  appeared  to  be 
confirmed  by  other  experiments.  It  was  observed  by  Dr 
Henderson,  in  breathing  a portion  of  air  repeatedly  from 
and  into  a gazometer  f ; and  it  seemed  likewise  to  be  esta- 
blished by  the  experiments  of  Pfaff  ||. 

These  experiments,  however,  are  not  free  from  fallacy, 
particularly  those  where  the  same  quantity  of  air  was  re- 
peatedly breathed;  for,  as  Mr  Ellis  has  justly  observed  §, 
the  respiration  as  it  proceeds  becomes  more  laborious,  and 
is  terminated  by  a feeble  expiration,  whence  the  due  pro- 
portion of  air  is  not  thrown  from  the  lungs.  There  ap- 
pears, therefore,  a diminution  ; and  accordingly  this  is 
always  greater  the  longer  the  air  is  respired.  In  experi- 


* Memoires  de  l’Acad.  des  Sciences,  1777.  Me  moires  dc  la 
Societe  dc  Medicine,  1785. 

t Chemical  Researches,  p.  454. 
f Nicholson’s  Journal,  vol.  viii.  p.  40. 

||  Ibid.  vol.  xii.  p.  243. 

§ Inquiry  on  Vegetation,  Respiration,  &c,  p.  114. 
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ments,  too,  in  which  this  source  of  error  is  avoided  as 
those  of  Allen  and  Pepys,  there  is  no  apparent  consump- 
tion of  nitrogen.  The  same  result  is  stated  to  have  been 
obtained  in  the  last  experiments  of  Lavoisier  and  Seguin, 
(t  there  being  neither  disengagement,  nor  absorption  of 
nitrogen  gas,  during  respiration  F rom  the  experiments 
ofVauquelin,  Spallanzani,  and  Ellis f,  it  also  appears,  that 
there  is  no  sensible  consumption  of  nitrogen  by  the  respi- 
ration of  the  lower  orders  of  animals,  while  there  is  the 
usual  consumption  of  oxygen  and  formation  of  carbonic 
acid. 

Messrs.  Allen  and  Pepys  have  even  inferred,  from  some 
experiments  |,  that  there  is  an  evolution  of  nitrogen  in  re- 
spiration, nitrogen  gas  continuing  to  be  found  in  the  ex- 
pired air  when  oxygen  gas  is  respired  for  some  time;  and 
though  much  of  this  might  arise  from  the  operation  of  the 
residual  air  of  the  lungs,  yet,  on  comparing  the  capacity 
of  the  lungs  with  the  quantity  of  nitrogen  evolved,  they 
found  more  than  could  be  derived  from  this  source.  In 
one  experiment  on  a Guinea  pig,  confined  in  a quantity  of 
atmospheric  air,  at  the  end  of  an  hour  and  tw  elve  minutes, 
the  increase  of  nitrogen  in  the  air  was  even  more  than 
equal  to  the  cubic  contents  of  the  body  of  the  animal.  They 
concluded,  therefore,  that  when  oxygen  gas  is  respired,  a 
portion  of  nitrogen  is  given  off  from  the  blood. 

There  is,  however,  every  probability  that  the  nitrogen 
appearing  in  these  experiments  is  derived  from  the  resi- 
dual air  of  the  lungs;  and  Mr  Ellis  has  assigned  a cause 
whence  the  large  quantity  of  it  can  be  explained, — that  of 
the  condensation  probably  of  the  air  in  the  bronchial  cells. 
These  are  in  immense  number,  and  are  of  diameters  cx- 


* Memoires  <le  l’Acad.  des  Sciences,  1789,  p.  571. 
t Inquiry,  &. c.  p.  87.  88. 
t Philosophical  Transactions,  1809. 
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tremely  small.  If  they  have  any  degree  of  contractile 
power,  this  may  produce  condensation  of  the  air  they  con- 
tain. But  independent  of  this,  it  is  well  known,  as  he 
remarks,  that  a strong  attraction  or  adhesion  is  exerted 
between  air  and  the  surfaces  of  bodies  ; the  more  therefore 
the  surface  is  increased,  the  greater  must  be  the  effect  from 
this  attractive  force.  Hence,  under  the  extensive  surface 
of  the  cells  of  the  lungs,  it  must  operate  with  great  effect, 
and  reduce  considerably  the  volume  ol  the  air  : and  it  may 
be  aided  by  the  attraction  exerted  by  the  humid  surface  to 
the  aerial  matter.  All  the  phenomena,  as  he  has  shewn, 
accord  with  this  view  *. 

It  remains  to  take  a view  of  the  theories  that  have  been 
proposed  to  account  for  the  changes  resulting  from  the 
action  of  the  air  in  respiration,  and  by  which  the  blood  is 
at  the  same  time  converted  to  the  arterial  state. 

Priestley  considered  these  phenomena  as  owing  to  the 
disengagement  of  phlogiston  from  the  blood  in  the  lungs, 
and  its  combination  with  the  air  f,  a theory  modified  and 
rendered  more  comprehensive  by  Crawford  f.  Regarding 
hydrogen  as  the  phlogistic  principle,  and  supposing  it  to 
exist  in  the  blood  in  that  state  in  which  it  is  disengaged 
from  vegetable  substances  by  heat,  combined  with  carbon, 
Crawford  supposed  that  this  hydro-carbon,  as  it  was  named, 
is  communicated  to  the  blood  in  the  extreme  vessels,  by 
which  the  conversion  from  the  arterial  to  the  venous  state 
is  occasioned ; that  in  the  lungs  it  is  given  out,  and  in  its 
nascent  state  combines  with  the  oxygen  of  the  air,  and 
forms  the  carbonic  acid  gas  and  watery  vapour  expired, 
while  the  blood  deprived  of  it  returns  to  the  arterial  state. 
Lavoisier  also  supposed,  that  the  carbonic  acid  gas  and 


1 Farther  Inquiries  into  Vegetation  and  Respiration,  p.  506. 
r Philosophical  Transactions,  J776. 
t Lxperimcnts  and  Observations  on  Animal  Heat. 
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watery  vapour  of  the  expired  air  are  formed  by  the  com- 
bination of  carbon  and  hydrogen  from  the  blood  with  oxy- 
gen in  the  lungs. 

He  had  likewise  suggested,  that  the  combination  of  oxy- 
gen with  carbon  might  take  place  in  the  course  of  the  cir- 
culation * ; that  the  oxygen  which  disappears  in  respira- 
tion may  be  absorbed  by  the  blood,  while  carbonic  acid 
may  be  given  out  fully  formed.  This  hypothesis  was  en- 
deavoured to  be  established  by  Hassenfratz  and  Lagrange  f. 
From  the  facts  that  venous  blood  exposed  to  oxygen  ac- 
quires a vivid  red  colour,  which  soon  changes  to  a purple 
hue,  and  that  arterial  blood  placed  in  vacuo , or  in  contact 
with  any  gas  which  does  not  contain  oxygen,  quickly  as- 
sumes the  dark  purple  colour,  they  concluded,  that  the 
Horid  red  colour  of  the  blood  is  the  result  of  the  absorption 
of  oxygen,  while  the  dark  venous  colour  arises  from  the 
intimate  combination  of  this  oxygen  with  a portion  of  the 
carbon  and  hydrogen  which  the  blood  contains.  Accord- 
ing to  this  opinion,  oxygen  is  absorbed  by  the  blood  in  the 
lungs;  remains  in  the  arterial  blood  for  a time  in  a state 
of  solution  or  loose  combination  ; but  passes  gradually,  in 
the  extreme  vessels,  into  more  intimate  combination  with 
carbon,  forming  carbonic  acid,  in  consequence  of  which 
the  blood  passes  to  the  venous  state  ; and  from  this  venous 
blood  the  carbonic  acid  is  disengaged  in  the  lungs,  and  a 
new  portion  of  oxygen  absorbed. 

These  two  hypotheses  have  divided  the  opinion  of  phy- 
siologists. They  are  both,  howrever,  defective.  No  proof 
is  given,  in  the  system  of  Crawford,  of  hydro-carbon  be- 
ing communicated  to  the  blood  in  the  extreme  vessels;  nor 
is  it  easy  to  imagine  any  source  whence  in  an  insulated  state 
j can  be  derived  ; for,  although  it  was  imagined  by  Craw- 

* Mcmoires  de  l’Acad.  des  Sciences,  1777,  p.  191. 

f ^rmales  de  Chimie,  tom.  ix.  p.  261, 
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lord,  that  it  may  have  its  origin  in  the  solid  parts  of  the 
system  being  absorbed,  this  is  reluted  by  the  consideia- 
tions,  that  this  absorption  is  performed,  not  by  the  veins, 
but  by  the  lymphatics  ; that  it  is  not  limited  to  carbon  and 
hydrogen  ; that  to  whatever  extent  it  may  be  carried,  the 
blood  must,  in  a state  of  health,  deposite  as  much  as  is 
removed  ; and  that  there  is  no  cause  by  which  the  carbon 
and  hydrogen  can  be  separated  from  the  other  elements, 
and  be  brought  into  binary  combination.  And,  in  the 
theory  of  Idassenlratz,  though  it  were  granted,  that  a por- 
tion of  oxygen  is  absorbed  by  arterial  blood,  there  is  no 
proof  that  this  is  combined  merely  with  carbon,  and  that 
carbonic  acid,  the  result  of  this  combination,  is  contained 
in  venous  blood. 

Neither  are  the  changes  which  these  hypotheses  sup- 
pose, analogous  to  the  usual  chemical  operations  of  the 
animal  system,  or  connected  with  the  purposes  which  the 
blood  serves  in  its  circulation.  When  the  general  facility 
of  combination  in  the  principles  of  animal  matter,  and  the 
tendency  which  the  actions  of  the  vessels  have  to  form 
them  into  ternary  or  quaternary  compounds,  are  consider- 
ed, there  is  little  probability  in  the  assumptions  of  either 
hypothesis, — of  the  one,  that  oxygen  should  be  absorbed 
by  the  blood  in  the  lungs,  without  altering  its  composi- 
tion ; that  it  should  be  merely  combined  with  carbon,  in 
the  proportions  necessary  to  form  carbonic  acid  ; and  that 
this  carbonic  acid,  without  affecting  the  ultimate  composi- 
tion of  the  blood,  should  be  carried  the  whole  length  of 
the  venous  circulation,  and  thrown  out  at  the  lungs ; — or 
of  the  other,  that  carbon  and  hydrogen  should  be  brought 
into  a state  of  binarv  combination  in  the  extreme  vessels, 
and  should  be  held  merely  dissolved  by  the  venous  blood, 
until  acted  on  by  the  oxygen  of  the  air  in  respiration. 
And  still  less  are  these  changes  connected  with  the  known 
changes  which  the  blood  suffers ; for  no  relation  is  traced 
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between  the  processes  of  assimilation  or  of  secretion,  and 
the  supposed  communication  of  hydro-carbon,  or  the  com- 
bination of  carbon  and  oxygen,  in  the  extreme  vessels. 

In  any  theory  of  respiration,  the  conversion  of  arterial 
into  venous  blood  ought  to  be  considered  as  connected 
with  these  processes;  and  this  conversion,  as  well  as  that 
of  venous  into  arterial  blood,  must  be  regained  as  arising 
from  changes  in  the  ultimate  composition  of  the  proximate 
principles  of  the  blood,  not  from  the  alternate  communi- 
cation and  abstraction  of  a principle  which  it  holds  dis- 
solved in  it,  in  what  is  termed  a state  ot  loose  combination. 
Conformable  to  this  view,  I have  given  the  following  ex- 
planation of  these  phenomena. 

The  blood  is  the  source  whence  the  animal  products  are 
formed.  This  expenditure  is  supplied  by  the  chyle,  a fluid 
less  completely  animalized  than  the  blood.  The  peculiar 
character  of  animal  matter,  with  regard  to  composition, 
is  a large  proportion  of  nitrogen,  and  a diminished  pro- 
portion of  carbon.  It  may  therefore  be  inferred,  that  in 
the  extreme  vessels,  where  the  animal  solids  and  fluids  are 
formed,  the  general  process  will  be  the  separation  from  the 
blood  of  those  elements  of  which  animal  matter  is  com- 
posed ; and  that  therefore  carbon,  which  enters  more  spar- 
ingly into  its  composition,  will  exist  in  the  remaining  blood 
in.  an  increased  proportion.  This  is  accordingly  the  gene- 
ral nature  of  the  conversion  of  arterial  into  venous  blood.  Ni- 
trogen, hydrogen,  and  other  elements,  are  spent  in  the  for- 
mation of  new  products,  and  the  proximate  principles  of 
the  blood  remain  with  an  increased  proportion  ol  carbon. 
In  this  state  it  is  exposed  to  the  atmospheric  air  in  the 
lungs,  the  oxygen  of  which  abstracts  its  excess  of  carbon, 
and  forms  the  carbonic  acid  expired,  and  this  constitutes 
the  conversion  of  venous  into  arterial  blood.  There  is  no 
proof  that  any  combination  of  the  oxygen  of  the  air  with 
the  hydrogen  of  the  blood  takes  place.  The  supposition 
that  it  does,  and  that  this  is  the  source  of  the  watery  vapour 
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expired,  originated  merely  in  the  hypothesis  ol  Crawford. 
And  the  decree  of  evaporation  fioni  a moist  suiiace,  so 
extensive  as°that  of  the  internal  surface  of  the  lungs,  at  the 
temperature  of  96°,  is  adequate  to  account  for  the  whole 

of  the  watery  vapour  expired. 

The  conversion  of  arterial  into  venous  blood,  is  thus 
considered  in  connection  with  the  other  chemical  changes 
in  the  system,  and  is  subservient  to  them.  In  the  extreme 
vessels,  the  constituent  principles  of  the  blood  are  expend- 
ed in  the  nourishment  of  the  solid  fibre,  and  in  the  for- 
mation of  the  secreted  fluids.  Of  these  principles,  carbon 
is  contained  in  the  smallest  proportion  in  these  solids  and 
fluids  ; it  must  therefore  remain  in  excess  : hence  the  ne- 
cessity of  the  application  of  oxygen  to  the  blood  in  the 
lungs  to  remove  it,  and  the  origin  of  the  carbonic  acid 
uniformly  discharged.  We  thus,  too,  trace  the  process  of 
animalization  from  the  reception  of  the  aliment  to  its  com- 
pletion. All  animals  live  directly  or  indirectly  on  vege- 
table matter.  The  principal  difference  in  the  composition 
of  vegetable  from  that  of  animal  substances,  is  in  the  for- 
mer containing  a larger  proportion  of  carbon.  Respira- 
tion is  the  function  by  which  this  difference  is  established. 
The  aliment  received  into  the  stomach,  is  formed  into  a 
fluid  capable  of  assimilating  with  the  blood.  It  is  con- 
veyed to  the  lungs,  and  loses  part  of  its  carbon,  or  is  par- 
tially animalized.  It  is  then  distributed  through  the  sys- 
tem, and,  in  the  extreme  vessels,  along  with  carbon,  parts 
with  so  much  hydrogen,  oxygen,  nitrogen,  and  other  ele- 
ments, as  to  leave  carbon  predominant. 

It  might  be  supposed,  that  in  any  view  such  as  this, 
there  must  be  some  difficulty  in  conceiving  that  oxygen 
gas  should  combine  with  carbon  at  a temperature  lower 
than  that  in  general  necessary  for  their  union,  and  this,  too, 
with  the  intervention  of  the  coats  of  the  vessels  through 
which  the  blood  circulates.  This  objection,  however,  has 
no  real  force.  Although  carbon,  in  its  solid  form,  re- 
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quires  a high  temperature  to  cause  it  to  combine  with  oxy- 
gen, yet  when  it  makes  part  of  a ternary  or  quaternary 
combination,  in  which  its  cohesion  no  longer  opposes  the 
combination,  it  is  abstracted,  and  combined  with  oxygen  at 
any  natural  temperature.  It  is  thus  that  many  vegetable 
and  animal  substances,  when  humid,  are  altered  by  expo- 
sure to  the  air,  and  carbonic  acid  formed.  Blood  itsell  is 
acted  upon  in  this  manner.  Arterial  blood  was  exposed 
by  Fontana  to  atmospheric  air  for  three  minutes,  when  no 
perceptible  alteration  was  occasioned  in  the  purity  of  the 
air  : they  were  then  agitated  together  lor  three  minutes  : 
the  volume  of  air  was  diminished,  and  its  purity  impaired. 
When  oxygen  gas  was  substituted  lor  atmospheric  air, 
the  alteration  was  more  considerable,  its  purity  being  di- 
minished even  when  agitation  was  avoided ; and  when  it 
was  agitated,  the  diminution  in  purity  and  volume  was 
still  greater.  In  all  these  experiments,  carbonic  acid  was 
produced  *.  They  therefore  prove,  that  oxygen  can  at- 
tract carbon  from  arterial  blood.  With  venous  blood  the 
formation  of  carbonic  acid  is,  according  to  Luzuriaga, 
greaterf.  If,  therefore,  oxygen  can  abstract  carbon  from 
the  principles  of  the  blood  under  such  circumstances,  it  is 
evident  it  must  do  so  more  rapidly  during  respiration, 
where  the  blood  is  exposed  on  an  extensive  surface,  and 
in  a state  of  extreme  division,  and  where  that  surface,  as 
well  as  the  air  itself,  are  rapidly  renewed.  The  thin 
membrane  which  forms  the  coats  ol  the  vessels  through 
which  the  blood  circulates  can  oppose  little  obstacle  to  this 
reciprocal  action.  Every  humid  substance  is  permeable 
to  elastic  fluids,  and  is  penetrated  by  them.  Animal  mem- 
brane, in  a denser  state  than  that  which  forms  the  coats  ot 
the  extreme  blood-vessels,  is  when  humid  pervious  to  gases; 
and  what  is  in  point  in  the  present  case,  through  such  mem- 
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branes,  when  humid,  oxygen  can  act  on  blood,  and  com- 
municate to  it  the  florid  colour.  Thus,  Priestley  found  by 
experiment,  that  if  a quantity  of  black  blood  were  inclosed 
in  a moistened  bladder,  which  was  tied  very  close,  on  hang- 
ing it  in  a free  exposure  to  the  air,  it  acquired  “ a coating 
of  a florid  colour,  as  thick  as  it  would  have  acquired  if  it 
had  been  immediately  exposed  to  the  open  air;  so  that  this 
membrane  had  been  no  impediment  to  the  action  of  the  air 
upon  the  blood.”  Mr  Hunter  mentions  a similar  experi- 
ment, that  of  covering  blood  “ with  gold-beaters’  skin,  and 
finding  that  it  became  of  a florid  red  on  the  surface,  and 
even  for  some  depth  Nor  is  there  any  reason  to  believe, 
as  has  been  contended,  that  in  the  living  solids  this  pro- 
perty is  suspended,  for  it  is  one  connected  merely  with  me- 
chanical structure,  and  the  influence  of  humidity.  The 
whole  action  is  purely  chemical,  and  the  same  as  that  which 
is  exerted  between  air  and  blood  out  of  the  body,  favoured 
only  by  the  circumstances  of  exposure,  temperature,  and 
agitation,  under  which  it  takes  place. 

It  is  to  be  stated  as  an  important  fact,  independent  of  all 
theory,  that  the  changes  which  take  place  in  respiration  arc 
considerably  influenced  by  external  circumstances,  and  by 
causes  which  seem  to  affect  the  chemical  changes  of  the 
living  system.  Crawford  found,  that  less  oxygen  is  con- 
sumed by  respiration  at  a high  than  at  a low  temperature, 
a Guinea  pig  for  example  not  vitiating  above  half  the  quan- 
tity of  oxygen  in  air  in  which  it  was  confined  at  the  tem- 
perature of  104°,  which  it  did  in  the  same  time  iti  air  at 
55°  f.  This  was  confirmed  in  the  experiments  of  Lavoisier 
and  Seguin  f ; a man  consuming,  at  the  temperature  of  54^. 
1344  cubic  inches  of  oxygen  in  an  hour,  while,  at  the  tem- 
perature of  79°,  he  consumed  only  1210  cubic  inches.  De 
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la  Roche  obtained  in  experiments  on  different  warm-blood- 
ed animals  the  same  result  *.  Crawford  observed  also,  that, 
in  an  animal  placed  in  a warm  medium,  the  venous  blood 
approaches  to  the  arterial  in  colour ; in  a dog,  for  exam- 
ple, surrounded  with  water  at  114°,  for  half  an  hour,  at 
which  time  the  heat  of  his  body  had  risen  from  102°  to  109°, 
the  venous  blood  had  assumed  so  much  the  hue  of  arterial, 
that  it  was  difficult  to  distinguish  between  them ; and  this 
was  confirmed  in  repeated  experiments.  It  has  also  been 
verified  by  l)e  la  Roche.  Hence  it  appears,  that  the  high 
temperature  counteracts  those  chemical  changes  which  the 
blood  undergoes  in  the  extreme  vessels,  and  the  diminu- 
tion in  the  consumption  of  oxygen  by  respiration,  is  no 
doubt  owing  to  this  cause.  In  the  series  of  experiments 
by  Lavoisier  and  Seguin,  was  also  confirmed,  what  how- 
ever had  formerly  been  known,  that  the  consumption  of 
oxygen  is  influenced  by  the  food  and  by  the  state  of  diges- 
tion. During  digestion,  the  consumption  of  oxygen  was 
increased  to  1800  or  1900  cubic  inches  in  an  hour.  Exer- 
cise increased  the  proportion  consumed.  It  is  stated,  that 
Seguin,  in  continuing  the  exercise  of  raising  a weight  of 
15  lbs.  to  a height  of  613  feet  during  a quarter  of  an  hour, 
consumed  800  cubic  inches,  which  is  at  the  rate  of  3200 
in  an  hour.  And  the  same  exercise  made  during  digestion, 
occasioned  a consumption  equal  to  4600. 

In  these  experiments  the  result  rather  singular  appeared 
to  be  established,  that  the  greater  or  less  proportion  of  oxy- 
gen in  the  air  breathed  has  little  influence  on  the  quantity 
consumed  : whether  an  animal  breathed  pure  oxygen  gas, 
or  mixtures  of  it  with  nitrogen  gas,  the  quantity  consum- 
ed wras  the  same  f.  Lavoisier  had  even  observed,  in  some 
of  his  earlier  experiments,  that  less  oxygen  is  consumed 
when  it  is  breathed  pure ; and  this  also  appeared  to  be  es- 
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tablished  by  Davy’s  experiments,  the  consumption  being 
only  28  cubic  inches  in  a minute,  when,  in  atmospheric  air, 
it  amounted  to  31  *,  and  less  carbonic  acid  being  formed. 
Messrs  Allen  and  Pepys  found,  however,  that  in  breathing 
pure  oxygen  gas,  more  of  it  is  consumed  in  a given  time, 
and  more  carbonic  acid  formed,  than  in  breathing  atmos- 
pheric air ; they  farther  found  a diminution  in  the  gas  re- 
spired, whence  they  considered  it  as  probable,  that  when 
oxygen  is  breathed  pure,  a portion  of  it  is  absorbed ; and 
they  found  reason  to  conclude,  that  there  is  a similar  ab- 
sorption of  oxygen  when  the  same  portion  of  atmospheric 
air  is  repeatedly  breathed.  Butin  these  cases  it  is  difficult 
to  obviate  the  source  of  error  from  the  residual  air  in  the 
lungs,  especially  when  respiration  becomes  laboiious,  and 
the  full  quantity  is  not  thrown  out  at  the  concluding  ex- 
pirations. 

Dr  Prout  has  more  lately  given  an  extensive  series  of 
experiments  f,  whence  he  has  inferred  certain  results  with 
regard  to  the  influence  of  circumstances  which  affect  the 
chemical  changes  in  respiration.  The  proportion  he  finds 
in  human  respiration  is  not  uniform  during  the  24  hours, 
but  is  always  greater  at  one  period  than  another  ; general- 
ly the  consumption  of  oxygen  and  corresponding  produc- 
tion of  carbonic  acid  are  at  a maximum  in  the  early  or  mid- 
dle part  of  the  day,  that  is,  between  10  A.  M.  and  2.  P.  M. 
and  decline  in  the  evening  and  through  the  night ; and 
whenever  the  proportion  is  by  any  cause  increased  above 
the  natural  standard  of  the  period,  it  is  subsequently  as 
much  depressed,  and  vice  versa.  He  farther  found,  that 
moderate  exercise  seemed  at  first  to  increase  the  quantity 
of  carbonic  acid,  but  after  being  continued  for  some  time, 
it  ceases  to  produce  this  effect,  and  if  prolonged  so  as  to 
induce  fatigue,  diminishes  it.  Violent  exercise  seems  to 
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lessen  the  quantity  even  at  first,  and  always  does  so  after  a 
.shoit  time.  The  exhilarating  passions  at  first  increase  the 
quantity ; the  depressing  passions  and  anxiety  have  the  re- 
■vcise  effect,  alkohol  and  all  liquors  containing  it  diminish 
remarkably  the  quantity  of  carbonic  acid  thrown  off,  and 
this  apparently  under  all  circumstances.  The  influence  of 
these  causes  seemed  from  Dr  Prout’s  experiments  to  be  in- 
dependent, or  nearly  so,  of  their  effect  on  the  circulation. 
How  far  they  are  connected  with  the  state  of  the  blood  to 
ioi  m cai  bonic  acid,  or  with  that  of  the  organs  of  respiration, 
either  to  form  or  to  discharge  it,  is  a question  apparently 
undetei  mined.  Dr  I yfe  has  established  by  experiment 
some  similar  results.  Wine  and  alkohol  lie  found  to  di- 
minish considerably  the  quantity  of  carbonic  acid ; it  was 
also  remarkably  reduced  under  the  operation  of  mercury ; 
vegetable  diet,  after  being  continued  for  seven  or  eight  days, 
caused  a diminution ; the  effect  of  animal  diet  was  more 
variable  *. 

The  phenomena  of  respiration  are  nearly  the  same  in 
all  animals  : they  all  require  oxygen,  and  expire  carbonic 
acid  ; though  the  quantities  are  various  in  the  different  or- 
ders. In  warm-blooded  animals,  the  changes  proceed  to 
the  greatest  extent,  and  the  presence  of  oxygen  is  most  in- 
dispensable ; and  among  these,  this  is  in  a great  measure 
in  proportion  to  the  size  of  their  lungs.  In  the  amphibia, 
the  supply  of  air  is  less  indispensable,  as  they  can  sustain 
the  deprivation  of  it  longer ; though  they  still  require  it, 
and  produce  in  it  the  usual  changes.  Fishes  after  some 
time  die  in  water  deprived  of  air,  and,  according  to  Priest- 
ley, they  deteriorate  the  air  contained  in  the  water  in  which 
they  live  f,  results  confirmed  by  Spallanzani.  Humboldt 
and  Provencal  lately  investigated  this  with  more  precision. 
Expelling  the  air  from  river- water  by  heat,  they  found  it 

* Dissertatio  lnanguralis,  1814. 
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to  contain  about  31  per  cent,  of  oxygen,  with  from  4 to  6 
per  cent.,  and  sometimes  even  more,  ol  carbonic  acid,  the 
remainder  being  nitrogen.  Fishes  being  confined  in  a given 
quantity  of  this  water  until  their  respiration  appeared  la- 
borious, they  were  withdrawn,  and  the  air  remaining  in 
the  water  was  expelled  by  ebullition  as  before.  Its  pio- 
portion  of  oxygen  was  diminished  to  that  ol  seven,  nine,  or 
twelve  hundredths,  and  sometimes  even  to  two  hundredths 
of  the  volume  of  the  air  expelled.  The  quantity  ot  carbo- 
nic acid  was  increased  to  22  or  24  per  cent,  of  the  volume 
of  the  residual  air  There  appeared  to  be  a consumption 
of  oxygen  exceeding  that  forming  the  carbonic  acid,  and 
also  a loss  of  nitrogen ; but  this,  as  Mr  Ellis  has  shewn, 
may  have  arisen  from  fallacies  attending  the  experiment  f. 
The  experiments  of  Vauquelin  f,  as  well  as  the  extensive 
researches  of  Spallanzani  ||,  have  demonstrated,  what  had 
before  been  more  or  less  accurately  observed,  that  insects 
and  worms  consume  oxygen,  and  form  carbonic  acid, 
though  life  in  these  animals  is  so  languid,  and  remains  so 
long  under  the  suspension  of  its  usual  functions,  that,  they 
can  sustain  the  deprivation  of  oxygen  tor  a longer  time  than 
animals  of  the  other  classes.  Spallanzani  had  observed, 
that  in  cold-blooded  animals  an  increase  of  temperature, 
contrary  to  what  occurs  in  warm-blooded  animals,  inci  cases 
the  chemical  changes  in  respiration  ; and  De  la  Roche 
found  in  experiments  on  frogs  the  same  result. 

Connected  with  respiration,  and  with  the  changes  which 
the  blood  suffers  in  that  process,  is  the  production  of  ani- 
mal heat.  In  the  more  perfect  animals,  the  temperature 
of  the  body  is  superior  to  that  of  the  surrounding  medium. 
Thus,  in  man  it  is  about  96°  ; and  it  remains  at  this,  un* 
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tier  exposure  to  a temperature  40,  50,  or  100  degrees 
lower.  It  is  evident,  therefore,  that  there  exists  in  the 
system  some  process  causing  a constant  evolution  ot  calo- 
ric, by  which  this  equable  and  comparatively  high  tempe- 
rature is  preserved.  The  action  ot  the  air  in  respiration 
is  demonstrated  to  be  its  source ; and  the  view  which  has 
been  given  of  this  subject,  displays  the  most  perfect  appli- 
cation of  chemistry  to  physiology,  and  affords  even  the 
most  perfect  elucidation  which  we  yet  have  of  any  function 
of  the  living  system. 

Mayow  ascribed  the  production  of  animal  heat  to  the 
action  of  the  air  in  the  lungs;  but  his  opinion,  supported 
by  no  decisive  evidence,  was  little  regarded.  Dr  Black,  ob- 
serving the  analogy  between  combustion  and  respiration, 
particularly  that  in  both  processes  the  air  undergoes  a si- 
milar change;  and  also  observing  that  in  different  animals 
the  superiority  of  their  temperature  over  that  of  the  sur- 
rounding medium,  is  greater  the  larger  their  lungs  are,  and 
the  more  air  they  consume; — that  in  birds  it  is  higher  than 
in  quadrupeds,  and  in  quadrupeds  than  aquatic  animals; 
drew  the  conclusion,  that  respiration  is  the  source  of  ani- 
mal heat.  It  is  to  Dr  Crawford,  however,  that  we  are  in- 
debted for  the  theory  by  which  these  phenomena  are  fully 
explained. 

From  the  changes  which  take  place  during  respiration 
in  the  air  in  the  lungs,  Dr  Crawford  shewed,  that  caloric 
must  be  rendered  sensible.  Oxygen  is  consumed,  and  car- 
bonic acid  formed.  But  we  know,  that  in  the  formation 
of  carbonic  acid  from  the  combination  of  oxygen  with  car- 
bon, a large  quantity  of  caloric  must  be  extricated,  since 
the  capacity  of  carbonic  acid  is  inferior  to  the  mean  of  the 
capacities  of  the  carbon  and  of  the  oxygen  gas. 

But  Crawford  at  the  same  time  ascertained  by  experi- 
ment, that  the  capacity  of  the  blood  changes  when  it  is  con- 
verted from  arterial  to  venous,  and  of  course  from  venous 
to  arterial : the  difference  between  them  he  found  to  be  as 
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1.030  to  0.892;  that  is  to  say,  supposing  the  capacity  of 
water  for  caloric  to  be  1000,  the  capacity  of  arterial  blood 
is  rather  larger,  or  1.030,  while  that  of  venous  blood  is 
considerably  less,  or  only  892. 

On  these  facts  he  founded  his  doctrine  of  animal  heat. 
In  respiration,  a quantity  of  oxygen  is  combined  with  car- 
bon, so  as  to  form  carbonic  acid.  A quantity  ol  caloric 
must  be  extricated  in  consequence  of  this.  But  the  blood 
losing  carbon  is  at  the  same  time  changed  from  venous  to 
arterial,  and  by  this  change  acquires  an  increased  capacity 
for  caloric.  It  therefore  takes  up  the  caloric  which  has 
been  extricated  by  the  combination,  so  that  any  rise  of  tem- 
perature in  the  lungs  which  would  be  incompatible  with  life 
is  prevented.  The  arterial  blood  is  carried,  in  the  course  of 
the  circulation,  to  the  extreme  vessels,  where  it  passes  to 
the  venous  state.  In  this  conversion,  its  capacity  for  heat 
is  diminished  as  much  as  it  had  been  before  increased  in 
the  lungs : the  caloric,  therefore,  which  it  had  taken  up, 
is  again  given  out ; and  this  slow  and  constant  evolution 
of  heat  in  the  extreme  vessels  over  the  whole  body,  is  the 
source  of  its  uniform  superior  temperature. 

It  is  this  view  of  the  changes  of  capacity  which  the  blood 
suffers,  which  forms  the  peculiar  feature  of  Crawford’s 
theory.  It  might  easily  have  been  said,  that  respiration 
is  the  source  of  animal  heat ; and  the  observation  of  a few 
analogies,  such  as  those  stated  by  Dr  Black,  might  have 
given  probability  to  the  assertion.  But  the  difficulty  lay 
in  explaining  how  this  heat,  if  derived  from  this  source, 
was  not  excessive  in  the  lungs,  or  how  it  was  equally  distri- 
buted over  the  body.  This  is  explained  from  the  changes 
of  capacity  which  the  blood  suffers  in  its  different  states, — 
changes  too,  not  hypothetically  assumed  to  explain  the 
phenomena,  but  established  by  experiment.  Yet  it  is  sin- 
gular how  much  this  has  been  misunderstood,  and  how  of- 
ten the  objection,  which  I quote  from  a modern  systematic 
writer,  has  been  urged  by  physiologists  : “ Si  la  chaleur 
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vital  tirait  sa  source  unique  ties  poumons,  elle  devrait  etre 
dans  ces  organes  incomparablement  plus  forte  qu’elle  ne 
I’est  par  tout  ailleurs ; et  l’activite  de  cet  embrasement, 
necessaire  pour  echaufFer  tout  le  corps,  irait  a detruire  la 
substance  des  parties  qui  en  seraient  le  foyer  The  very 
excellence  of  Crawford’s  theory  is,  that  it  obviates  this  ob- 
jection, and  accounts  satisfactorily  for  the  temperature  not 
being  raised  in  the  lungs. 

This  admirable  theory  has  been  confirmed  by  other  ex- 
periments, and  independent  of  the  direct  facts  upon  which 
it  has  been  founded.  Crawford  himself,  and  afterwards 
Lavoisier  and  La  Place,  found,  that,,  when  an  animal  is 
confined  in  a vessel  contrived  so  as  to  measure  the  quan- 
tity of  caloric  which  it  gives  to  the  surrounding  medium 
in  a certain  time,  and  the  quantity  of  oxygen  consumed  by 
the  animal  in  that  time,  the  quantity  of  caloric  corresponds 
nearly  to  the  quantity  evolved  from  the  combustion  ol  car- 
bonaceous matter,  such  as  wax  or  oil,  in  the  same  quantity 
of  oxvgen.  It  has  been  found,  too,  that  whatever  increases 
the  heat  of  the  body,  such  as  violent  exercise,  or,  in  gene- 
ral, whatever  augments  the  circulation,  increases  the  con- 
sumption of  oxygen  in  the  lungs. 

Some  experiments  have  been  stated,  in  which  it  has  been 
alleged,  that  there  is  little  or  no  difference  in  the  capacities 
of  arterial  and  venous  blood.  But  they  are  not  of  such  a 
nature  as  to  invalidate  the  experimental  results  of  Craw- 
ford, or  the  principles  on  which  his  explanation  of  animal 
heat  is  founded. 

The  theory  of  Crawford  has  also  been  impugned  on 
other  grounds.  In  a series  of  experiments  by  Mr  Brodie  f, 
artificial  respiration  was  produced  by  the  inflation  of  the 
lungs  in  animals  newly  killed  by  narcotic  poisons,  or  divi- 
sion of  the  spinal  marrow,  and  in  whom  the  nations  of  the 


* Dumas,  Principes  de  Physiologic,  tom.  iii.  p.  55e 
t Philosophical  Transactions,  1811,1812. 
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heart,  and  of  course  the  circulation,  had  not  ceased.  By 
keeping  up  artificial  respiration,  these  could  he  continued. 
It  was  found,  that  the  usual  chemical  changes  in  the  lungs 
were  thus  carried  on  ; oxygen  gas  was  consumed  and  car- 
bonic acid  formed.  The  conversion  of  venous  into  arterial 
blood  was  also  apparently  effected,  the  usual  change  ol  co- 
lour taking  place.  But  the  temperature  of  the  animal  fell. 
In  the  first  experiment  for  example,  on  a rabbit,  the  tem- 
perature fell  in  half  an  hour  from  97°  to  901-’ ; and  in  a 
number  of  trials  there  was  a similar  result.  Heat,  there- 
fore, it  was  concluded,  had  ceased  to  be  generated,  though 
the  usual  changes  supposed  in  the  theory  of  Crawford  to 
be  the  source  of  its  production  in  the  animal  body  were 
carrying  on  ; hence  it  seemed  to  follow,  that  these  changes 
are  not  the  real  source  of  animal  temperature, — that  there- 
fore, as  Mr  Brodie  inferred,  the  theory  is  not  just;  and 
farther,  as  the  nervous  energy  had  in  these  cases  ceased  to 
operate,  though  the  circulating  and  respii  atory  functions 
were  in  action,  “ that  the  temperature  of  warm-blooded 
animals  is  considerably  under  the  influence  of  the  nervous 
system.”  Some  facts  from  morbid  cases,  particularly  of 
paralytic  limbs,  where  heat  was  deficient,  though  the  cir- 
culation through  the  limb  was  perfect,  had  been  before 
brought  forward  as  grounds  of  a similar  argument. 

There  are  fallacies  attending  these  experiments  in  the 
estimation  of  the  comparative  changes  in  artificial  and  in 
natural  respiration,  which  it  must  have  been  very  difficult 
to  obviate  entirely.  But  independent  of  these,  there  is  an 
important  error  affecting  the  result,  the  correction  forwhich 
altogether  invalidates  the  conclusion  which  was  drawn,  that 
heat  had  not  been  generated.  If  it  had  not,  the  tempera- 
ture should  have  been  reduced  more  rapidly,  and  to  a 
greater  extent  than  it  actually  was,  and  of  course  the  op- 
posite conclusion  follows,  that  heat  was  produced.  In  each 
experiment,  while  the  animal  subjected  to  it  was  under  the 
influence  ol  artificial  respiration,  by  air  being  forced  into 
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the  lungs,  another  animal  of  the  same  species  and  size  kill- 
ed at  the  same  time,  was  placed  under  a similar  vessel,  but 
without  artificial  respiration,  so  that  the  fall  ol  its  tempe- 
rature might  be  compared  with  that  in  the  other.  T.he 
difference  was  in  general  inconsiderable.  In  the  first  ex- 
periment, for  example,  the  temperature  of  the  animal  sub- 
jected to  artificial  respiration  had  fallen  in  30  minutes  from 
97°  to  90°,  that  of  the  other  in  the  same  time  from  97°  to 
91°:  and  in  other  experiments  the  differences  were  the 
same,  or  even  less.  Now  in  the  former  animal,  during  the 
whole  period,  air  was  forced  into  the  lungs,  and  withdrawn 
at  the  rate,  as  is  mentioned,  of  about  50  inflations  of  the 
luno-s,  or  from  50  to  60  in  a minute,  and  to  this  air  thus 
constantly  renewed,  and  in  the  interval  exposed  to  the  cool- 
ing agency  of  a glass  vessel  of  the  capacity  of  500  cubic 
inches,  the  bulk  of  the  animal  itself  being  50  cubic  inches, 
the  whole  mass  of  blood  circulating  through  the  lungs  was 
exposed,  by  which  it  must  necessarily  have  been  constant- 
ly cooled.  The  artificial  respiration  would  at  the  same  time 
abstract  a constant  portion  of  watery  vapour  from  the  lungs, 
the  formation  of  which  equally  caused  an  expenditure  of 
heat.  Yet  notwithstanding  these  sources  of  the  constant 
abstraction  of  heat,  the  fall  of  temperature  at  the  end  of 
30  minutes  was  not  greater  than  1 degree,  or  half  a de- 
gree more  than  where  they  were  not  present,  a proof  suf- 
ficient that  heat  must  have  been  generated,  and  probably 
to  as  great  an  extent  as  is  to  be  looked  for  from  the  che- 
mical changes  which  actually  took  place. 

As  the  temperature  did  fall  however,  the  heat  generated, 
it  might  be  inferred,  is  not  equal  to  that  from  natural  re- 
spiration. To  establish  this,  the  comparative  extent  of 
the  changes  would  require  to  be  accurately  determined. 
The  abstraction,  for  example,  of  a little  more  watery  va- 
pour from  the  lungs  in  the  artificial  respiration,  than  what 
is  discharged  in  the  natural  respiration,  a circumstance 
very  likely  to  have  occurred,  from  the  mode  in  which  the 
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experiment  was  performed,  would  be  sufficient  to  give  rise 
to  this  result.  And  even  admitting  that  the  heat  evolved 
is  not  so  great  in  the  one  case  as  in  the  other,  there  is  no 
reason  to  infer  that  it  should  be  equal.  It  is  not  sufficient 
to  establish  this  conclusion,  to  shew  that  the  usual  chemi- 
cal changes  go  on  in  the  lungs  ; it  is  not  less  necessary  to 
prove  that  the  corresponding  changes  producing  evolution 
of  heat  take  place  in  the  extreme  vessels,  a proof  which  it 
is  apparently  impracticable  to  give.  It  is  quite  possible, 
that  the  blood  in  the  course  of  the  circulation  may  lose  its 
fforid  colour,  and  yet,  under  that  state  ol  the  system  in 
which  nearly  all  the  functions  are  suspended,  may  not  be- 
come proper  venous  blood,  to  that  extent  as  to  suffer  the 
full  diminution  of  capacity  which  is  necessary  to  maintain 
the  standard  temperature ; and  this  blood  may  for  a long 
period  afford  carbon  to  form  carbonic  acid  when  acted  on 
by  the  air  in  the  lungs,  and  from  this  change  may  suffer 
augmentation  of  capacity,  so  that  its  temperature  shall  not 
rise ; — these  changes  arising  from  the  mere  chemical  action 
of  the  air  on  the  blood,  unconnected  with  the  exercise  of 
any  vital  function  in  the  extreme  vessels.  Caloric,  there- 
fore, may  be  communicated  to  the  blood  in  the  lungs,  to 
all  the  extent  to  which  it  is  necessary  to  suppose  it  com- 
municated in  these  experiments,  and  yet  neither  raise  its 
temperature,  nor  be  evolved  in  the  extreme  vessels,  under 
the  circumstances  in  which  the  experiments  were  perform- 
ed ; and  this  too  without  the  conclusion  following,  that  the 
blood  should  suffer  any  change  of  properties  incompatible 
with  the  operation  going  on,  as  long  as  the  experiment 
could  be  continued. 

To  say  that  nervous  energy  is  the  source  of  animal  heat, 
amounts  to  nothing  precise.  As  the  temperature  of  ani- 
mals is  superior  to  that  of  the  medium  in  which  they  live, 
there  is  not  only  an  evolution  of  heat  to  produce  that  su- 
perior temperature,  but  there  is  a still  greater  evolution 
necessary  to  supply  that  constant  abstraction  of  it  which 


OF  THE  BLOOD. 


491 


is  imparted  to  the  surrounding  medium.  Caloric  must 
therefore  be  supplied  from  some  external  source,  and 
though  the  state  of  vitality  may  modify  the  chemical  pro- 
cesses in  the  system  by  which  heat  is  evolved,  it  can  with 
no  precision  be  said  to  be  the  source  of  heat,  nor  is  any 
thing  gained  by  saying  that  the  generation  of  heat  depends 
on  its  influence.  In  respiration  the  air  suffers  changes 
which  we  know  in  all  other  cases  are  accompanied  with  an 
evolution  of  caloric,  and  the  theory  of  Crawford  shews  how 
these  give  rise  to  the  phenomena  of  animal  heat;  we  have 
the  additional  evidence,  that  the  superior  temperature  of 
animals  is  proportional  to  the  quantity  of  oxygen  they  con- 
sume in  respiration,  and  that  the  heat  evolved  by  an  ani- 
mal is  almost  precisely  the  same  as  that  evolved  by  the 
consumption  of  the  same  quantity  of  oxygen  in  other  cases 
where  carbonic  acid  is  formed.  With  such  proofs,  we  can 
scarcely  hesitate  in  admitting  the  conclusion  conformable 
to  this  theory, — that  the  chemical  changes  which  occur  in 
respiration,  with  the  corresponding  changes  in  the  extreme 
vessels,  are  the  source  of  animal  temperature 

When  an  animal  is  placed  in  a medium,  the  temperature 
of  which  is  considerably  high,  it  still  preserves  its  tempe- 
rature for  a time  at  least  nearly  uniform  ; the  animal  heat 
not  rising  much  above  the  natural  standard,  as  has  been 
demonstrated  by  the  experiments  of  Tilletf,  and  of  For- 
dvce  and  Blagden  f.  In  those  of  the  latter,  air  was  breath- 
ed at  a temperature  of  212°,  and  even  260°  ; and  in  some 


* A series  of  experiments  in  prosecution  of  this  subject,  has 
been  recently  made  by  Legallois,  a French  physiologist,  (Annales 
de  Chimie  et  Physique,  tom.  iv.).  They  scarcely  lead  to  any  cer- 
tain results,  while  the  cruelty  of  the  whole  investigation,  more  espe- 
cially in  these  last  experiments,  is  revolting,  and  could  scarcely  be 
palliated  by  the  importance  of  any  conclusion  that  could  be  drawn, 
t Memoires  de  l’Acad.  des  Sciences,  tom.  xxxiii.  p.  522. 
f Philosophical  Transactions,  1775. 
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cases  reported  by  the  former,  an  exposure  to  an  atmosphere 
of  250°  was  sustained  for  15  minutes,  and  to  an  air  of 
280°  for  10  minutes.  In  this  case  of  confinement  in  a 
heated  atmosphere,  it  lias  been  ascertained  by  the  experi- 
ments of  Crawford,  that  the  usual  change  of  arterial  into 
venous  blood  does  not  go  on,  the  blood  in  the  veins  being 
nearly  as  florid  as  in  the  arteries.  It  is  evident,  therefore, 
that  no  evolution  of  caloric  will  take  place  ; and  it  is  even 
possible,  that  the  temperature  of  the  body  may  be  kept 
low  by  the  blood  acquiring  an  increased  capacity  for  calo- 
ric, though  other  circumstances,  particularly  the  imperfect, 
conducting  power  ol  the  animal  solids,  and  the  increased 
perspiration,  with  the  evaporation  from  the  surface,  have 
a share  in  the  effect.  Dr  De  la  Roche  has  in  particular 
shewn,  that  the  loss  of  weight  from  the  profuse  perspira- 
tion is  very  considerable,  even  in  not  many  minutes ; and 
has  found  reason  to  conclude  from  experiment,  that  the 
consequent  evaporation  is  the  cause  counteracting  increase 
of  heat  *. 

Transpiration  is  a function  analogous  to  respiration, 
and  has  been  believed  to  produce  the  same  chemical  changes 
in  the  air.  There  is  also  an  exhalation  of  aqueous  vapour, 
which,  augmented  by  heat  or  exercise,  is  condensed  on  the 
surface,  and  forms  the  sweat.  De  Milly  observed,  that 
when  the  hand  is  kept  in  warm  water,  carbonic  acid  gas 
is  disengaged  from  the  surface.  The  same  fact  was  esta- 
blished  by  Cruickshank  f.  But  as  the  air  applied  to  the 
hand  was  confined  by  a moistened  bladder,  they  were  liable 
to  the  fallacy  that  the  bladder  might  be  acted  on  by  the 
oxygen,  and  afford  this  carbonic  acid.  The  production  ol 
carbonic  acid,  as  well  as  the  consumption  of  oxygen,  seem- 
ed to  be  established,  however,  in  a more  unequivocal  man- 


* Nicholson’s  Journal,  vol.  xvii.  p.  215.  xxxi.  p.  5fl- 

* Cruickshank  on  Insensible  Perspiration. 
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ner  by  Abernethy  and  Jurine.  The  former  exposed  his 
hand  to  seven  ounce-measures  of  atmospheric  air  confined 
over  mercury,  for  five  hours  ; at  the  end  of  that  time  t ie 
air  had  diminished  in  volume  half  an  ounce  measure,  and 
by  agitation  with  lime-water,  one  ounce  more  was  absorb- 
ed, the  lime-water  being  rendered  milky  ; the  residual  air 
contained  one-sixth  less  oxygen  than  before  the  experi- 
ment *.  Jurine  found,  that  on  fixing  bottles  containing 
atmospheric  air  to  the  surface  of  the  skin,  the  air  was  vitia- 
ted, diminished  in  volume,  and  contained  carbonic  acid  +. 
These  changes  in  the  air  are  also  accompanied  with  the 
exhalation  of  watery  vapour.  Cruickshank,  by  inclosing 
his  hand  in  a glass  vessel,  the  orifice  of  which  was  secured 
at  the  wrist  with  a bladder,  observed  that  the  glass  became 
dim,  and  drops  of  water  were  condensed  on  its  surface. 
In  this  way  about  30  grains  of  water  were  collected  in  an 
hour,  though  on  repeating  the  experiment  the  quantity 
was  sometimes  much  less,  and  at  other  times,  especially 
after  exercise,  was  greater;}:,  from  these  facts  it  appeal- 
ed, that  the  skin  performs  functions,  with  regard  to  the  at- 
mosphere, the  same  as  those  performed  by  the  lungs.  But 
they  have  been  considered  as  doubtful.  Priestley  had 
found  some  uncertainty  in  the  results ; and  Dr  Klapp,  re- 
peating the  experiments  of  Abernethy,  did  not  find  any 
emanation  of  carbonic  acid  gas,  nor  any  change  to  be  pro- 
duced in  the  air  in  which  the  hand  was  confined,  eithei 
when  atmospheric  air  or  oxygen  gas  was  employed,  though 
the  experiment  was  continued  for  several  houis  ||.  Mr 
Ellis  has  reported  some  experiments  made  by  Dr  Gordon 
with  the  same  results ; but  he  adds  some  experiments  pos- 
terior to  these,  made  by  Dr  C.  Mackenzie,  in  which  cav- 


* Physiological  Essays,  p.  11&. 
t Me  moires  de  la  Societe  de  Medicine,  tom.  x. 
x Experiments  on  Insensible  Perspiration,  p.  69.  &c. 
!|  Treatise  on  the  X*  unctions  of  the  Skin. 
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bonic  acid  was  detected  in  air  that  had  been  kept  in  con- 
tact with  the  skin  for  two  hours*.  Spallanzani  concluded 
from  his  experiments,  that  a number  of  animals  of  the 
lower  classes,  serpents,  frogs,  insects,  and  zoophytes,  pro- 
duce the  same  changes  on  the  air  by  their  skin  as  are  pro- 
duced by  the  respiratory  organs  f. 

Lavoisier  and  Seguin  endeavoured  to  determine  what 
proportion  the  changes  by  transpiration  bear  to  those  by 
respiration  1.  They  employed  a covering  of  silk  rendered 
air-tight  by  being  coated  with  a varnish  of  caoutchouc,  and 
adapted  to  the  body,  so  that  the  products  by  the  skin  could 
be  separated  from  those  by  the  lungs.  By  taking  the 
weight,  before  entering  the  apparatus  and  after  leaving  it, 
the  whole  loss  of  weight  in  a given  period  could  be  ascer- 
tained ; and  by  weighing  a few  moments  after  being  in- 
closed in  the  apparatus,  and  a few  moments  before  with- 
drawing from  it,  the  loss  of  weight  from  respiration  alone 
was  determined,  and  thus  the  proportion  by  each  process 
could  be  established.  The  following  are  the  results:  The 
loss  of  weight  sustained  by  an  individual,  not  under  any 
unusual  bodily  labour,  varies  from  J 1 grains  in  a minute 
to  32,  or  in  twenty-four  hours  from  1 lb.  11  ounces  4 
drachms,  to  5 lbs. ; this  including  the  effects  from  transpi- 
ration and  respiration.  The  mean  loss  is  18  grains  each 
minute,  1 ounce  7 drachms  an  hour,  or  2 lbs.  13  ounces 
in  twenty-four  hours  ; and  in  separating  the  effects  of  each 
of  these  functions,  of  these  2 lbs.  13  ounces,  there  belong 
to  cutaneous  transpiration  1 lb.  14  ounces,  and  to  respira- 
tion 15  ounces.  Ihese  results  can  be  regarded  only  as 
approximations:  the  uncertainty  of  those  which  relate  to 
respiration  have  been  already  noticed  ; and  with  regard  to 
the  effects  from  transpiration,  it  appears  from  the  account 


* Farther  Inquiries,  &c.  p.554. 

i Rapports  tie  Fair  avec  les  eteres  organises. 

* -Mcmoires  tie  l’Acad.  ties  Sciences,  1790,  p.  601. 
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given  by  Seguin,  that  the  watery  product'only  had  been 
attended  to,  and  that  there  had  been  no  estimate  oi  the 
oxygen  consumed,  or  carbonic  acid  exhaled  by  the  skin, 
if  any  such  changes  did  occur. 

The  skin  appears  to  secrete  a small  portion  of  acid,  as 
it  sometimes  is  capable  of  communicating  to  the  more  de- 
licate vegetable  colours  a red  tinge,  and  distilled  water  rub- 
bed on  it  is  rendered  turbid  by  nitrate  of  silver.  When 
this  secretion  of  fluid  is  more  copious,  it  is  sensibly  acid. 
The  free  acid  contained  in  sweat  is  acetic  according  to 
Thenard,  according  to  Berzelius  lactic ; with  this  are  pre- 
sent, muriate  of  soda,  and  minute  traces  of  phosphate  of 
lime,  and  oxide  of  iron,  with  a little  animal  matter 


Sect.  II. — of  the  chyle. 

The  food  digested  in  the  stomach,  passes  into  the  in- 
testinal canal ; and  in  its  progress,  there  is  separated  from 
it  by  the  absorbents  which  terminate  on  the  internal  sur- 
face of  the  canal,  a white  liquor,  which  is  conveyed  to  the 
thoracic  duct,  and  ultimately  into  the  blood.  This  is  the 
Chyle,— a fluid,  the  composition  of  which  is  important,  as 
it  is  from  it  the  blood  is  formed,  and  by  its  medium  nutri- 
tion is  conveyed.  From  the  difficulty  of  procuring  it,  it  had 
not  been  much  examined  ; but  lately  it  has  been  the  subject 
of  investigation  by  Vauquelin  -f,  Brande  f , and  jVIarcet  ||. 

Its  colour  is  white ; its  taste  is  sweet,  and  slightly  saline ; 
but  these  qualities  vary  according  to  the  time  at  which  it 


* Nicholson’s  Journal,  vol.  xix.  p.  6'6. 
r Annals  of  Philosophy,  vol.  ii.  p.  220. 

J Philosophical  Transactions,  1812. 
jj  Medico-C’hirurgical  Transactions,  vol.  vi. 


496 


6 Jr  THE  CHYLE. 


is  taken  after  food  lias  been  received  : about  four  hours 
after  food  has  been  taken,  it  appears  to  be  most  perfect. 
It  does  not  affect  the  colour  of  litmus  or  turmeric,  but 
slowly  changes  that  of  violets  to  a green.  After  standing 
for  some  time,  10  or  15  minutes,  it  assumes  a gelatinous 
appearance  ; and  it  gradually  separates  into  two  parts,  one 
a coagulum,  the  other  a liquid.  This  change  is  evidently 
similar  to  the  coagulation  of  blood,  and  is  promoted  and 
retarded  by  the  same  causes,  the  coagulum  only  being  less 
firm.  It  affords  the  simplest  analysis  to  discover  the  com- 
position of  chyle. 

The  coagulum  is  white,  with  very  frequently  a pink  hue; 
sometimes  semi-transparent,  at  other  times  opaque;  it  has 
a slight  degree  of  elasticity,  and  is  slightly  fibrous  : it  is 
rapidly  dissolved  by  the  alkalis;  the  solutions  by  potash 
and  soda  exhale  a little  ammonia;  the  solution  by  ammo- 
nia is  of  a reddish  colour.  Acids  added  to  these  solutions 
precipitate  a substance  which,  Mr  Braude  remarks,  is  in- 
termediate between  fat  and  albumen  : nitric  acid  in  excess 
dissolves  it  in  the  cold,  and  sulphuric,  muriatic,  and  acetic, 
with  the  aid  of  heat.  Alkohol  and  ether  dissolve  a small 
portion  of  this  precipitate,  which  has  the  properties  of 
spermaceti ; the  remainder  appears  to  be  coagulated  albu- 
men. The  different  acids  act  differently  on  the  pure  coa- 
gulum. Sulphuric  acid  diluted  with  an  equal  weight  of 
water  dissolves  it,  and  with  the  aid  of  heat  does  so  even 
in  a state  of  greater  dilution,  forming  a liquor  of  a brown 
colour,  from  which  the  alkalis  throw  down  no  precipitate. 
Nitric  acid  diluted  with  three  of  water  dissolves  a portion 
of  it,  and  leaves  a matter  analogous  to  gelatin  ; if  more 
diluted  it  converts  it  slowly  into  adipocire.  Muriatic  acid 
concentrated  does  not  dissolve  it,  but  when  diluted  with 
an  equal  weight  of  water,  forms  a yellowish  solution.  A- 
cetic  acid  boiled  upon  it  dissolves  a small  portion,  which 
after  cooling  is  deposited  in  flakes  having  the  properties  of 
coagulated  albumen.  Subjected  to  destructive  distillation, 
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the  coagulum  affords  the  usual  products  of  animal  matter; 
and  the  residual  charcoal  by  incineration  yields  a consi- 
derable portion  of  muriate  of  soda  and  phosphate  of  lime, 
with  veiy  slight  tiaces  of  iron.  1 his  substance  seems  in 
several  of  its  properties  analogous  to  albumen,  in  others  to 
hbnn.  It  seems,  says  Vauquelin,  to  be  albumen  which  has 
begun  to  assume  the  characters  of  fibrin,  as  it  combines 
several  properties  common  to  both. 

The  fluid  which  separates  from  the  coagulum  of  chyle 
is,  when  the  coagulation  has  been  complete,  transparent 
and  colourless;  when  imperfect,  it  is  turbid  and  sometimes 
>vhite ; its  quantity  at  first  is  about  two-thirds  of  the  chyle, 
but  a quantity  in  addition  to  this  remains  in  the  coagulum,* 
which  gradually  oozes  out.  According  to  Vauquelin,  it 
restores  the  blue  colour  to  litmus  reddened  by  acids,  prov- 
ing the  presence  of  a free  alkali.  When  heated  it  becomes 
turbid  and  milky,  and,  according  to  Brande,  deposites 
flakes  of  albumen.  Alkohol  likewise  causes  an  abundant 
coagulation  in  it ; the  coagulation  is  white,  when  dry,  trans- 
parent, and  is  dissolved  by  potash.  The  mineral  acids, 
if  not  too  much  diluted,  also  coagulate  it,  and  throw  down 
an  abundant  precipitate  of  albumen,  which  is  re-dissolved 
by  alkaline  solutions.  This  albumen,  Vauquelin  remarks, 
constitutes  the  greater  part  of  the  solid  matter  of  chyle. 
Along  with  it  there  seems  to  be  a portion  of  oily  or  fatty 
matter,  for  when  the  albumen  is  separated  by  the  addition 
of  warm  alkohol,  Vauquelin  found  that  a small  portion 
is  retained  in  solution,  which  is  partly  separated  in  cool- 
ing ; and  is  partly  held  dissolved,  so  that  the  addition  of 
water  causes  milkiness;  and  the  alkaline  solution  of  the 
precipitate  by  acids  remains,  from  the  presence  of  the  same 
matter,  white  and  turbid,  instead  of  being  transparent,  as 
that  of  pure  albumen  is.  By  evaporation  of  the  alkoholic 
solution,  Vauquelin  obtained  it  in  the  state  of  an  oilycon- 
ciete  matter,  and  he  regards  it  as  analogous  to  the  fatty 

matter  of  the  brain,  particularly  in  the  character  of  beiim 
vol,  iv.  , : 
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imperfectly  soluble  in  alkohol.  A portion  of  lie  same 
substance  lie  found  to  be  contained  m the  coaguluni.  It 
is  no  doubt  this  matter  which  gives  to  chyle  its  milky  ap- 
pearance, more  or  less  according  to  its  quantity.  Dr  Mar- 
cet  observed,  that  from  the  serous  portion  of  the  chyle  fur- 
nished by  animal  food,  an  opaque  creamy  substance  se- 
parated on  standing,  and  collected  on  the  surface  ; and  this 
substance  assumes  the  consistence  of  butter.  ^ auquehn, 
in  the  chyle  of  the  horse,  in  one  case  found,  that  the  milky 
fluid  which  surrounded  the  coaguluni  was  partly  covered 
with  drops  of  a yellowish  oil.  The  same  farts  had  been  ob- 
served by  others.  One  other  principle  appears  to  exist  in  the 
serous  fluid  of  chyle.  When,  after  the  separation  of  its  al- 
bumen by  heat,  it  is  evaporated  to  half  its  bulk  at  a tempera- 
ture  not  exceeding  200°,  small  crystals  were  observed  by  Mr 
Brande  to  separate  on  cooling,  which  had  a strong  resem- 
blance to  sugar  of  milk ; they  required  for  their  solution 
4 parts  of  boiling  water,  and  from  16  to  20  of  cold  water  ; 
are  sparingly  soluble  in  boiling  alkohol ; the  taste  of  their 
watery  solution  is  extremely  sweet,  and  by  nitric  acid  they 
are  converted  into  a white  powder  of  sparing  solubility, 
having  the  properties  of  the  acid  of  sugar  of  milk.  The 
destructive  distillation  of  the  whole  serous  part  of  chyle 
afforded  to  Mr  Brande  a minute  quantity  of  charcoal, 
yielding  traces  of  phosphate  of  lime,  and  muriate  and  car- 
bonated soda.  Vauquelin  states  as  the  products  of  the 
incineration  of  chyle  coagulated  by  heat, — carbonate,  mu- 
riate, and  sulphate  of  potash,  iron,  and  phosphate  of  lime  : 
muriate  of  soda,  it  has  already  been  stated,  is  obtained  from 
the  burnt  coaguluni  in  considerable  proportion. 

Dr  Marcet  found  some  differences  in  the  chyle  oi  the 
dog  from  animal  and  from  vegetable  food.  The  former 
was  more  thick  and  opaque,  nearly  like  cream  ; the  scrum 
on  standing  afforded  a cream,  and  it  was  rendered  more  tui- 
bid  from  the  separation  of  albumen  by  heat;  and  the  coagu- 
him  was  less  transparent,  and  of  a more  distinct  pink  hue. 
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Chyle  has  evidently  an  analogy  to  blood,  more  especially 

in  its  spontaneous  coagulation.  As  the  coagulum  acquires 

a reddish  tint  from  exposure  to  the  air,  it  may  be  inferred, 

that  this  fluid  acquires  the  red*colour  which  will  complete 

its  conversion  into  blood,  by  the  action  of  the  air  in  the 

lungs. 

© 

Different,  results  have  been  obtained  from  experiments 
on  the  effect  of  substances  introduced  into  the  stomach,  on 
the  composition  and  properties  of  the  chyle.  Colouring 
matter  mixed  with  the  food,  appears  sometimes  to  com- 
municate to  it  a tinge,  sometimes  not.  According  to  Lis- 
ter, it  receives  a blue  colour  from  indigo  received  into  the 
stomach  ; an  observation  confirmed  by  Haller,  who  die!  not 
find,  however,  any  effect  from  other  substances,  which  had 
been  said  to  give  it  colour.  Dr  Fordyce  also  observed, 
that  indigo  thrown  into  the  intestines  renders  the  chyle 
blue,  and  that  musk  communicates  to  it  a strong  odour. 
This  intermixture  of  substances,  however,  conveyed  by  the 
stomach,  does  not  always  happen.  It  has  been  found, 
that  when  iron  is  mixed  with  the  food,  no  traces  of  it  are 
to  be  discovered,  by  the  test  of  infusion  of  galls,  in  the 
chyle  * ; and  this  has  been  stated  as  an  argument  to  prove 
that  iron  is  not  derived  from  without,  but  is  formed  in  the 
animal  system. 


The  Chyme  is  the  soft  pulpy  mass  into  which  the  food 
has  been  resolved  by  the  process  of  digestion  in  the  sto- 
mach, and  from  which  the  chyle  is  prepared.  It  must 
vary  according  to  the  nature  of  the  food,  and  the  perfec- 
tion of  digestion.  Dr  Marcet  found  it,  as  procured  from 
the  stomach  of  a turkey,  to  be  a homogeneous  brownish 


Fordyce  on  Digestion,  p.  122. 
I i 2 


500 


01  MILK*  &C» 


pulp,  neither  decidedly  acid  nor  alkaline,  though  inclining 
to  the  former,  and  not  very  liable  to  putrefaction.  It  con- 
tained albumen  ; and  by  evaporation  to  dryness,  afforded 
one-fifth  of  its  weight  of  solid  matter,  which  by  incinera- 
tion afforded  a charcoal  containing  various  saline  substan- 
ces, among  which  the  presence  of  iron,  lime,  and  an  al- 
kaline muriate,  could  be  ascertained. 


Sect.  III. — or  milk,  sugar  of  milk,  sacciio-lactic  acid. 

Milk  is  the  fluid  designed  for  the  nourishment  of  young 
animals,  and  is  secreted  by  a particular  glandular  appara- 
tus in  the  mammae  of  the  female.  It  differs  in  its  sensible 
qualities  in  different  animals,  but  its  chemical  properties 
appear  to  be  nearly  the  same.  These  have  been  often  the 
subject  of  investigation.  Besides  the  knowledge  of  it  re- 
ceived from  the  older  chemists,  an  elaborate  examination  of 
it  \yas  undertaken  by  Parmentier  and  Deyeux  *,  and  some 
facts  have  been  added  by  Lagrange  "f,  and  Beizehus  if. 

Milk  is  white  and  opaque,  its  taste  is  bland  and  sweet, 
its  smell  faint ; its  consistence  is  somewhat  thick,  and  its 
specific  gravity  a little  greater  than  that  of  water.  Ibese 
qualities  vary,  however,  not  only  in  different  animals,  but 
according  to  the  diet  and  state  of  the  digestive  organs. 

When  milk  newly  drawn  is  allowed  to  remain  at  rest,  it 
suffers  a slight  spontaneous  decomposition,  a thick  bland 
fluid  collects  on  the  surface,  and  the  liquid  beneath  is  more 
watery.  This  change  has  been  ascribed  to  the  action  of 
the  air.  Young  asserted,  that  it  takes  place  equally  when 


'*  Experiences  sur  le  Lait. 
t Nicholson’s  Journal,  vol.  x.  p.  141. 

4 Medico-Chirurgical  Transactions,  vol.  iii. 
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the  air  is  excluded, — an  observation  since  confirmed  by 
Thenard.  This  seems  indeed  more  probable,  since,  from 
the  opacity  of  milk,  it  is  obvious  that  an  oily  fluid  is  dif- 
fused through  a watery  one,  and  white  globules  are  even 
discovered  in  it  by  the  microscope.  It  is  these  that  sepa- 
rate spontaneously  when  the  milk  is  at  rest,  and  form  the 
cream. 

The  Cream  is  a substance  of  an  oily  nature,  and  when 
agitated  for  some  time,  separates  into  a fluid  and  a solid 
part,  the  latter  having  the  properties  of  a concrete  oil. 
This  oily  substance,  or  Butter,  is  the  first  proximate  prin- 
ciple which  a simple  analysis  discovers  in  the  milk.  It  is 
bland  and  sweet,  but  becomes  rancid  on  exposure  to  the  air. 
By  distillation,  it  is  converted  principally  into  a fluid  oil, 
and,  when  decomposed  by  heat,  affords  the  same  products 
as  animal  fat.  The  cream  is  a mixture  of  this  oily  matter 
with  the  cheese  and  whey,  which  form  the  other  parts  of 
the  milk.  According  to  Berzelius,  the  separation  of  butter 
from  it  by  agitation  is  accompanied  with  an  absorption  of 
oxygen,  whence  the  production  of  acid. 

After  the  separation  of  the  cream,  the  milk  begins  to 
suffer  another  change,  which  is  more  rapid  in  a high  than 
low  temperature.  It  becomes  acescent,  and  then  coagu- 
lates. When  this  coagulum  is  pressed  gently,  a serous 
fluid  is  forced  out,  and  a solid  matter,  somewhat  elastic, 
and  insoluble  in  water,  remains.  This  is  the  caseous  part 
of  milk,  or  the  pure  Cheese. 

This  change  appears  to  be  owing  to  the  formation  of  a 
small  quantity  of  acid  in  the  milk,  which  re-acting  upon 
it,  separates  the  caseous  matter  ; and,  according  to  The- 
nard, a portion  of  the  acid  combines  with  the  cheese, 
though  with  an  attraction  so  weak,  that  it  may  be  removed 
by  washing  with  water.  Acids,  accordingly,  added  to  milk, 
even  though  very  weak,  immediately  coagulate  it : many 
other  substances  have  the  same  effect,  as  several  compound 
salts,  especially  those  containing  an  excess  of  acid,  alkohol, 
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SUrrar,  gum,  the  gastric  juice  of  animals,  and  the  juices  of 
several  vegetables.  This  caseous  matter  is  also  separated 
by  heat.  If  milk  be  heated  in  contact  with  the  air,  a thin 
pellicle  forms  upon  its  surface : and  if  this  be  removed,  a 
new  one  is  formed.  After  the  formation  of  these  has  ceas- 
ed, the  remaining  fluid  is  thin  and  serous.  1 aimentici 
and  Deycux  have  ascertained,  that  these  pellicles  consist 
of  a matter  identical  with  cheese.  Its  separation  from  the 
milk  is  promoted  by  the  contact  of  the  air,  but  apparently 
merely  by  its  mechanical  action,  and  not  by  any  chemical 
effect;  since  its  separation  they  found  to  be  equally  pro- 
moted by  oxygen,  hydrogen,  or  carbonic  acid  gas. 

The  coagulurn  separated  by  these  substances  is  neaily 
the  same  in  its  properties.  rl  he  liquor  found  in  the  sto- 
mach of  young  animals,  what  is  termed  Rennet,  is  prefer- 
able to  obtain  its  full  separation.  The  curd  formed  by 
adding  it  to  milk  moderately  heated,  is  the  caseous  mat- 
ter retaining  a portion  of  the  serum  or  whey,  which  can 
be  easily  separated  by  pressure.  The  coagulating  power 
of  the  rennet  was  ascribed  to  a portion  ot  acid  which  it 
contained  ; but  Young,  and  Parmentier  and  Deyeux,  have 
shewn,  that  it  is  the  property  of  the  juice  itself,  since,  even 
when  an  alkali  is  added  to  it  in  excess,  it  retains  the  coa- 
gulating power.  The  membrane  of  which  the  stomach  is 
composed  likewise  possesses  this  property,  and  communi- 
cates it  to  water  macerated  upon  it.  The  cause  of  the 
coagulation  is  not  well  understood. 

The  Caseous  matter  of  milk  is  a white  or  greyish  sub- 
stance, somewhat  elastic  : when  fresh,  it  is  nearly  insipid, 
bat  becomes  acrid  on  keeping.  It  is  insoluble  in  cold  wa- 
ter, but  by  boiling  its  texture  is  destroyed.  If  exposed  in 
a moist  state  to  the  air,  it  soon  putrefies.  If  the  moisture 
has  been  pressed  out  of  it,  and  if  it  has  been  dried  by  a 
gentle  heat,  it  remains  long  unchanged. 

The  fixed  alkalis,  dissolved  in  water,  and  assisted  by  a 
moderate  heat,  act  upon  the  caseous  matter  readily.  It  is 
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dissolved,  and  ammonia  is  exhaled,  probably  formed  In 
the  combination  of  its  elements.  It  an  acid  is  added  to 
the  solution,  a precipitate  of  a dark  red  colour  is  thrown 
down,  and  a smell  of  sulphuretted  hydrogen  is  perceived. 
Silver  is  blackened  by  the  liquor  in  a short  time.  Ammo- 
nia is  likewise  capable  of  dissolving  the  caseous  mattci. 

The  mineral  acids,  when  diluted  with  water,  effect  a so- 
lution of  it,  but  not  completely.  The  vegetable  acids, 
particularly  vinegar,  dissolve  it  entirely,  and  with  mote 
facility.  Nitric  acid  disengages  from  it  nitrogen  gas. 

The  caseous  matter  decomposed  by  heat  affords  an  em- 
pyreumatic  oil,  ammonia,  and  a species  of  carburetted  hy- 
drogen. A residuum  of  charcoal  is  obtained,  which,  when 
burnt,  affords,  as  Scheele  ascertained,  a portion  of  phos- 
phate of  lime.  It  contains,  as  Berzelius  has  remarked, 
neither  alkali  nor  oxide  of  iron.  T.  he  propoitions  of  its 
elements,  ascertained  by  Gay  Lussac  and  Ihenaid,  aie 
given  in  the  table  at  the  end  of  the  preceding  chaptei. 

The  pure  caseous  matter  must  be  admitted  as  a principle 
differing  in  some  respects  from  any  other  animal  product. 
It  is  most  analogous  to  albumen,  as  it  is  soluble  in  a fluid 
resembling  the  serum  of  the  blood,  and  is  coagulated  by 
heat.  In  several  other  properties,  it  is  analogous  to  fibrin. 
It  is  the  most  animalized  product  of  the  milk,  and  is  that 
which  is  most  nutritious.  The  earthy  phosphates  obtain- 
ed by  its  incineration,  it  is  stated  by  Berzelius,  pie-exist 
in  it,  and  may  be  obtained  by  solution  in  mur iatic  acid  . 
and  their  presence,  he  remarks,  adapts  it  to  the  nouiish- 
ment  of  the  young,  in  the  rapid  progress  of  ossification 
which  the  first  period  of  life  requires  N 


* It  appears  that  a matter  analogous  to  the  caseous  or  albuminous 
principle  of  milk,  exists  in  a number  of  vegetables.  Some  seeds 
and  fruits  abounding  in  oil,  such  as  the  almond,  Were  known,  by 
trituration  with  water,  to  form  a liquor,  named  an  Emulsion,  si- 
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When  these  two  principles,  the  butter  and  the  cheese, 
have  been  separated  from  the  milk,  there  remains  a liquor 
named  the  Serum  or  Whey.  The  composition  of  this  is 
lastly  to  be  noticed. 

The  whey  lias  a yellowish  colour  and  slight  tenacity  : its 
taste  is  bland  and  agreeable.  It  contains  a portion  of  ca- 
seous matter,  which  is  separated  by  allowing  it  to  stand  in 
a warm  place  for  some  hours : it  then  becomes  acescent, 
the  cheese  separates  in  filaments,  and,  by  filtration,  the 
whey  becomes  transparent. 

When  this  pure  whey  is  subjected  to  evaporation,  it  af- 
fords a substance  of  a granulated  saline  appearance,  a sweet 
taste  and  yellowish  colour,  which,  by  solution  and  evapo- 
ration, yields  white  rhomboidal  crystals.  This,  which  is 
the  principal  solid  matter  in  the  whey,  is  named  the  Salt 
or  Sugar  of  Milk.  In  some  countries,  particularly  in 
Switzerland,  it  is  prepared  in  considerable  quantity. 

This  substance  is  soluble  in  seven  parts  of  cold,  and  four 
of  boiling  water;  or,  according  to  Vogel  and  Lagrange,  in 
five  parts  of  cold  water,  and  boiling  water  dissolves  twice 
its  weight,  the  greater  part  of  which  separates  on  cooling 
in  small  crystals.  It  is  not  soluble  in  alkohol  or  ether; 
and  alkohol  precipitates  it  slowly  from  its  concentrated 
watery  solution.  It  is  softened,  fused,  and  decomposed  by 
heat;  it  burns  also,  but  less  rapidly  than  sugar,  and  leaves 
more  charcoal.  In  its  decomposition  by  heat,  it  affords 


inilar  in  appearance  to  milk, — a result  which  was  supposed  owing 
to  the  oil  being  diffused  in  water  by  mucilage,  fecula,  and  saccha- 
rine matter  in  the  seed.  But  Vogel  and  Boullay  have  shewn,  that 
the  almond  contains  no  fecula,  hut  a principle  analogous  to  the 
albumen  or  cheese  of  milk,  with  a little  gum  and  sugar  in  addition 
to  the  oil ; and  that  the  almond  emulsion  is  very  similar  in  its  na- 
ture to  animal  milk.  It  accordingly  displays  nearly  the  same  che- 
mical properties,  (Annals  of  Philosophy,  vol.  xi.  p.  426.  428.). 
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products  nearly  the  same  as  those  yielded  by  vegetable  sac- 
charine matter,  water,  acetic  acid,  empyreumatic  oil,  car- 
bonic acid  and  carburetted  hydrogen  gases,  with  a residual 
charcoal,  which  by  incineration  yields,  according  to  Vogel 
and  Lagrange,  sulphate,  carbonate,  and  phosphate  of  lime. 
From  its  analysis  by  the  action  of  hyper-oxymuriate  of 
potash,  Gay  Lussac  and  Thenard  have  inferred,  that  it 
consists  of  carbon  38.825,  oxygen  53.834-,  and  hydrogen 
7.34-1.  Berzelius,  by  a similar  analysis  operating  on  it, 
treed  from  its  water  of  crystallization  by  exposure  to  a heat 
of  212°  in  a vacuum,  obtained  as  the  proportions,  carbon 
39.4-74-,  oxygen  53.359,  hydrogen  7.167.  But  he  supposed 
it  to  contain  combined  water,  and  therefore  submitted  it 
to  analysis,  in  combination  with  oxide  of  lead,  by  which 
this  was  abstracted;  and  from  the  results  of  this  and  other 
methods,  he  assigned  as  the  proportions,  carbon  4-5.267, 
oxygen  48.348,  hydrogen  6.385  *.  Sugar  of  milk  may 
contain  a portion  of  water,  for  it  yields  a considerable  quan- 
tity when  heated,  without  any  apparent  decomposition.  But 
what  the  real  quantity  is,  is  uncertain,  and  the  composition 
therefore  is  imperfectly  determined. 

The  acids  either  dissolve  or  decompose  sugar  of  milk. 
Acetic  acid  dissolves  it  simply,  as  does  also  liquid  muria- 
tic acid  ; muriatic  acid  gas  combines  with  it  slowly,  form- 
ing a grey  powder;  oxymuriatic  gas  decomposes  it  slowly, 
forming  water  and  carbonic  acid  ; nitric  acid  diluted  and 
in  small  quantity  converts  it  into  a saccharine  matter,  so- 
luble in  water.  Potash  acts  on  it  with  more  energy  than  on 
almost  any  vegetable  or  animal  substance.  When  a little 
potash  is  mixed  with  sugar  of  milk,  on  adding  a small  quan- 
tity of  water,  there  is  an  immediate  solution  with  heat  and 
effervescence ; the  liquor  becomes  of  a deep  brown,  and  by 
evaporation  affords  a soft  deliquescent  substance  of  the  same 
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colour,  analogous  to  extract,  water,  carbonic  acid,  and  ace- 
tic acid  being  also  formed  *.  There  is  a tendency  in  su- 
gar of  milk  to  this  kind  of  decomposition  by  alkaline  bases. 

When  the  sugar  of  milk  is  treated  with  nitric  acid,  as- 
sisted by  a moderate  heat,  nitrous  gas  is  discharged,  the 
solution  becomes  yellow,  and,  as  it  advances,  a deposition 
of  a white  matter  takes  place.  The  fluid,  when  poured 
off',  affords  by  evaporation  crystals  of  oxalic  acid.  The 
white  matter  obtained  in  this  operation  is  a peculiar  acid. 
Scheele,  who  discovered  it,  gave  it  the  name  of  Acid  of 
Sugar  of  Milk  : it  is  named  Saccho-lactic  Acid.  From  16 
ounces  of  sugar  of  milk,  submitted  to  the  action  of  three 
times  its  weight  of  nitric  acid,  of  the  specific  gravity  of  J .28, 
there  are  obtained,  according  to  Trommsdorff,  4 ounces 
of  saccho-lactic  with  2 ounces  of  oxalic  acid  f. 

Scheele  supposed  that  the  sugar  of  milk  is  a compound 
of  this  substance  and  saccharine  matter,  and  that  it  is  mere- 
ly rendered  sensible  by  the  saccharine  matter  being  oxy- 
genated by  the  nitric  acid.  Parmenticr  and  Deyeux  ac- 
cede to  this  opinion.  They  observe,  that  in  the  process  in 
which  it  is  obtained,  very  little  of  the  nitrous  acid  is  de- 
composed, and  that,  if  the  quantity  decomposed  be  com- 
pared with  the  quantity  of  oxalic  acid  formed,  the  propor- 
tions will  be  found  nearly  the  same  as  when  oxalic  acid  is 
procured  by  the  oxygenation  of  pure  sugar.  And  they  add 
the  synthetic  proof,  that  when  two  parts  of  saccho-lactic 
acid  are  mixed  with  one  of  sugar,  a compound  similar  to 
the  sugar  of  milk  is  formed.  The  opinion,  however,  as  is 
justly  observed  by  Fourcroy,  does  not  well  accord  with  the 
properties  of  these  two  substances ; it  is  also  rendered  im- 
probable from  the  circumstance,  that  the  same  acid  is  form- 


* Memoir  by  Vogel  and  Lagrange,  Journal  de  Physique,  tom. 
Ixxii.  p.  208. 
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ed  in  the  action  of  nitric  acid  on  other  substances,  as  gum, 
in  which  there  are  no  grounds  for  supposing  the  previous 
existence  of  sugar  of  milk. 

V ogel  and  Lagrange  have  accordingly  submitted  again 
to  examination  the  evidence  on  which  it  rests.  They  found, 
that  the  synthetic  experiment  stated  by  Parmentier  and 
Deyeux  never  succeeded : in  whatever  proportion  the  sac- 
cho-lactic  acid  and  sugar  were  mixed  no  compound  is 
formed  analogous  to  sugar  of  milk,  nor  could  the  two  sub- 
stances be  brought  into  chemical  combination.  Sugar  ol 
milk,  therefore,  is  apparently  a principle  of  definite  com- 
position, analogous  to,  but  still  different  from  vegetable 
sugar.  It  had  been  affirmed,  that  it  is  capable  of  the  vi- 
nous fermentation,  but  Vogel  and  Lagrange  found,  that 
when  mixed  with  yeast,  and  kept  in  the  proper  tempera- 
ture, there  is  no  disengagement  of  gas,  and  though  the  li- 
quor had  a slight  smell  of  alkohol,  none  could  be  procur- 
ed from  it  by  distillation. 

Saccho-lactic  acid  is  in  the  form  of  a white  powder,  a 
little  granulated  : its  taste  is  slightly  sour : it  is  sparingly 
soluble  in  water,  60  parts  of  boiling  water  being  requisite, 
according  to  Scheele,  to  dissolve  it : this  solution  has  an 
acid  taste,  and  reddens  the  vegetable  colours:  it  deposites, 
on  cooling,  small  crystals.  At  the  temperature  of  212°,  it 
decomposes  the  alkaline  carbonates,  disengaging  the  car- 
bonic acid.  Exposed  to  heat  in  close  vessels,  it  is  decom- 
posed, the  products  being  an  acid  liquor,  which  deposites 
needle-like  crystals,  an  empyreumatic  dark-coloured  oil, 
carbonic  acid  and  carburetted  hydrogen  gases,  and  a large 
residuum  of  charcoal.  According  to  Trommsdorff,  the  acid 
which  sublimes  is  analogous  to  the  succinic  acid;  and  the 
liquid  acid  is  similar  to  the  pyro- tartaric. 

Gay  Lussac  and  Thenard  gave  as  the  composition  of  this 
acid,  carbon  33.69,  oxygen  62.69,  hydrogen  3.62.  Ber- 
zelius, from  the  products  of  the  combustion  of  the  acid, 
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gives  as  the  proportions  31.9  of  carbon,  62.84'  of  oxygen, 
and  5.26  of  hydrogen ; and  from  the  analysis  by  the  me- 
dium of  saccholate  of  lead,  carbon  33.43,  oxygen  61.465, 
hydrogen  5.105  *,  which,  except  in  the  quantity  of  the  last 
element,  coincides  nearly  with  the  results  of  Gay  Lussac. 
The  relation  of  the  oxygen  to  the  carbon,  is  not  that  of 
any  of  the  definite  proportions,  but  is  nighest  to  what  may 
be  considered  as  the  third.  The  hydrogen  is  in  that  pro- 
portion which  constitutes  super-carburetted  hydrogen. 

This  acid  combines  with  the  different  salifiable  bases, 
forming  salts  named  Saceholatcs ; we  have  no  knowledge 
of  these  combinations,  except  from  a fewr  observations  by 
Scheelc.  It  forms  with  potash  a salt  soluble  in  eight  parts 
of  warm  water,  which  crystallizes  on  cooling ; and  with  soda 
a salt  equally  crystallizable,  requiring  only  five  parts  for  its 
solution.  Both  these  salts  are  more  soluble,  from  an  ex- 
cess either  of  acid  or  of  base.  Saccholate  of  ammonia  is 
easily  decomposed  by  heat,  the  ammonia  being  expelled. 
The  compounds  with  lime,  barytes,  and  magnesia,  are  near- 
ly insoluble;  hence  this  acid  decomposes  the  soluble  salts  of 
these  earths.  It  acts  feebly  on  the  metals;  and  with  their 
oxides,  forms  salts  of  sparing  solubility.  It  precipitates  the 
nitrates  of  silver,  quicksilver,  and  lead. 

This  acid  is  formed,  not  only  from  sugar  of  milk,  but 
likew  ise  from  gum,  by  the  action  of  nitric  acid : two  parts 
of  the  acid  being  slightly  heated  on  one  part  of  gum,  un- 
til a small  quantity  of  nitric  oxide  and  carbonic  acid  is  dis- 
engaged : on  cooling,  the  liquid  deposites  the  saccho-lactic 
acid;  the  quantity,  according  to  Fourcroy  and  Vauquelin, 
being  from  14  to  26  parts,  from  100  of  gum.  From  this 
production  of  it  from  mucilage  or  gum,  some  chemists  name 
it  Mucous  Acid.  Laugier  has  shewn,  that,  as  produced  by 
this  process,  it  is  contaminated  with  a portion  of  oxalate  of 
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lime,  derived  from  the  combination  of  oxalic  acid  formed 
in  the  process  with  lime  contained  in  the  gum.  This  may 
be  abstracted  by  repeated  digestions  in  dilute  nitric  acid.* 

From  the  quantity  of  saccharine  matter  which  milk  con- 
tains, whey  is  susceptible  of  acetous  fermentation ; and  by 
the  Tartar  tribes,  even  a vinous  liquor  is  prepared  from 
mare’s  milk.  The  process  has  been  described  by  Dr  Guth- 
rie. f It  is  extremely  weak,  eight  pints  affording  on  distil- 
lation only  four  ounces  of  alkohol.  Vogel  and  Lagrange 
confirmed  this  fact  by  experiment,  but  at  the  same  time 
they  found,  that  the  milk  of  the  cow  is  incapable  of  the 
vinous  fermentation.  As  the  sugar  of  milk  is  so  also,  the 
milk  of  the  mare  seems  from  this  to  contain  a small  por- 
tion of  pure  sugar. 

Whey  passes  more  readily  into  the  acetous  fermentation; 
it  soon  becomes  acescent,  and  the  acid  produced  was  sup- 
posed to  be  the  acetic.  Scheele  first  examined  it,  and  al- 
though he  observed  an  analogy  to  the  acetic  acid,  both  in 
its  properties  and  combinations,  he  found  also  some  dif- 
ferences between  them.  He  was  also  unable  to  obtain  it 
pure  by  distillation ; for  although  an  acid  liquor  distilled 
over,  this  could  not  be  carried  far,  as  a decomposition  and 
a deposition  of  carbonaceous  matter  took  place  from  the 
heat  applied.  And  lastly,  it  appeared,  that  this  acid  de- 
composed the  acetates.  Hence  he  regarded  it  as  different 
from  the  acetic ; and  in  the  new  nomenclature  it  received 
the  name  of  Lactic  Acid.  Lagrange,  and  Fourcroy  and 
Vauquelin,  inferred,  however,  from  experiments,  that  it  is 
merely  the  acetic,  disguised  by  a portion  of  extractive  mat- 
ter united  with  it,  and  by  the  saline  substances  contained 
in  the  whey  f.  The  latter  chemists,  in  particular,  on  sa- 
turating the  acid  from  sour  milk,  with  an  alkali,  and  de- 

* Nicholson’s  Journal,  vol.  xxviii.  p.  14. 
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4 Nicholson’s  Journal,  vol.  x.  p.  26‘4. 


510 


OF  LACTIC  ACID. 


composing  the  salt  by  sulphuric  acid,  obtained  by  distilla- 
tion only  weak  acetic  acid.  But  Berzelius  has  remarked, 
that  in  such  a process  the  lactic  acid  would  be  decompos- 
ed, as  Schcele  had  shewn,  and  converted  into  the  acetic; 
and  from  an  investigation  of  its  properties  and  combina- 
tions *,  he  has  inferred,  that  the  opinion  of  Scheele  with 
regard  to  it  is  just. 

Berzelius  procured  it  by  digesting  dry  whey  with  alko- 
hol,  and  adding  to  the  liquor  a fresh  portion  of  alkohol, 
to  which  of  sulphuric  acid  had  been  added.  Sulphate 
of  potash  was  deposited  from  the  decomposition  of  muriate 
of  potash  ; and  there  remained  in  the  liquid  lactic,  sulphu- 
ric, muriatic,  and  a minute  portion  of  phosphoric  acid. 
The  three  latter  acids  were  abstracted  by  digestion  with 
carbonate  of  lead,  while  the  lactic  acid  forms  with  this,  a 
salt  soluble  in  alkohol.  From  this  solution  the  oxide  ol 
lead  was  abstracted  by  sulphuretted  hydrogen,  and  the  li- 
quor by  evaporation  was  reduced  to  the  consistence  of  a 
thick  varnish,  of  a dark  brown  colour  and  acid  taste.  To 
free  this  from  animal  matter,  and  from  all  muriatic  acid, 
it  was  digested  first  with  lime,  and  then  a portion  of  it  de- 
composed by  oxalic  acid ; the  lactic  acid  procured  from 
this  was  by  carbonate  of  silver  converted  into  lactate  of 
silver,  this  lactate  of  silver  was  employed  to  remove  all 
muriatic  acid  from  the  remaining  lactate  of  lime,  which 
was  then  decomposed  by  oxalic  acid,  and  the  lactic  acid  was 
freed  by  solution  in  alkohol  from  any  adhering  oxalate  of 
lime.  It  was  then  supposed  to  be  obtained  pure.  It  formed 
a clear  transparent  fluid,  of  a brownish  yellow  colour,  with 
. a sharp  sour  taste,  without  smell  in  the  cold,  but  emitting 
a sour  smell  when  heated,  incapable  of  crystallization,  and 
drying  into  a thick  smooth  varnish,  without  any  saline  ap- 
pearance, which  slowly  attracts  moisture  from  the  air.  It 
is  easily  soluble  in  alkohol.  Heated,  it  boils,  exhales  a va- 
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pour,  having  a pungent  acid  smell,  different  from  that  of 
acetic  acid,  and  is  charred.  Distilled,  it  yields  water,  em- 
pyreumatic  oil  and  vinegar,  carbonic  acid,  and  inflammable 
gases.  It  forms  salts  with  alkalis,  earths,  and  metallic  oxides, 
which  in  general  are  distinguished  by  being  soluble  in  al- 
kohol,  and  having  no  disposition  to  crystallize,  but  drying 
into  a mass  like  gum,  which  becomes  moist  in  the  air. 
When  decomposed  by  sulphuric  acid,  they  give  no  smell 
of  acetic  acid,  and  they  are  altogether  different  in  their  spe- 
cific properties,  from  those  of  the  acetic,  malic,  or  any  other 
known  acid.  It  is  this  acid  combined  with  soda,  and  with 
an  animal  matter,  which  may  be  separated  by  means  of 
tannin,  which,  according  to  Berzelius,  forms  the  deliques- 
cent extractive  matter,  which  is  left  after  the  alkoholic  so- 
lution from  the  analysis  of  many  of  the  animal  fluids.  From 
the  very  complicated  process,  however,  employed  to  obtain 
it,  and  from  all  he  has  stated  with  regard  to  it,  some  doubts 
may  remain  on  the  subject,  at  least  with  regard  to  this  last 
opinion. 

Besides  the  sugar  of  milk,  which  is  the  principal  ingre- 
dient dissolved  in  the  serum,  there  are  present  some  other 
saline  substances,  which  remain  dissolved  in  the  liquor  after 
its  crystallization.  These,  according  to  Scheele  and  Vau- 
quelin,  are  principally  muriates  of  lime,  potash,  and  soda, 
with  phosphates  of  lime,  magnesia,  and  iron.  According 
to  Berzelius,  scarcely  any  other  alkali  than  potash  is  to  be 
found  in  milk.  Schwarz  has  given  as  the  saline  ingre- 
dients and  their  proportions  in  cows  milk,  in  1000  parts, 
phosphate  of  lime  1.805,  phosphate  of  magnesia  0.170, 
phosphate  of  iron  0.032,  phosphate  of  soda  0.225,  muriate 
of  potash  1.350,  lactate  of  soda  0.115:  human  milk  con- 
tained rather  a larger  quantity  of  the  phosphates  #.  Ac- 
cording to  Thenard  and  Lagrange,  there  is  always  a little 
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free  acetic  acid  in  fresh  milk,  which  may  be  obtained  irom 
it  by  distillation. 

Such  is  the  composition  of  milk.  It  consists  of  an  oily 
substance,  of  the  caseous  matter,  of  the  sugar  of  milk,  and 
of  a small  portion  of  neutral  salts,  and  a little  free  acetic 
acid  dissolved  in  water.  The  union  of  the  three  first,  two 
of  which  approximate  to  the  nature  of  vegetable,  and  the 
third  to  that  of  animal  matter,  renders  it  a fluid  at  once 
nutritive  and  easy  of  digestion ; and,  as  Vauquclin  has  re- 
marked, the  presence  of  phosphoric  acid  with  lime  and 
iron,  fit  it  for  the  formation  of  blood.  Berzelius  gives  the 
following  as  the  composition  of  milk,  exclusive  of  the 
cream, — water  928.75,  cheese  with  a trace  of  butter  28, 
sugar  of  milk  35,  muriate  of  potash  1.7,  phosphate  of  pot- 
ash 0.25,  lactic  acid,  acetate  of  potash  with  a trace  of  lac- 
tate of  iron  6,  earthy  phosphates  0.3.  Cream  of  the  specific 
gravity  1.024-4,  was  composed  of  butter  4.5,  cheese  3.5, 
whey  92.  The  proportion  of  sugar  of  milk  is  undoubtedly 
stated  too  large,  and  the  quantity  of  butter  in  cream  loo 
small. 


Sect.  IV. — of  lymph,  of  mucus. 

The  fluid  contained  in  the  lymphatic  vessels,  and  pass- 
ing into  them  either  from  the  extremities  of  the  arterial 
branches,  or  by  absorption  from  the  surface  of  the  internal 
parts  of  the  body,  has  from  its  origin  been  regarded  as  ana- 
logous to  the  serum  of  blood.  This,  however,  is  not  es- 
tablished ; and  it  is  probable,  that  though  derived  from 
that  fluid,  it  may  have  undergone  some  alteration  ; its  pro- 
perties therefore  require  to  be  noticed.  They  are  but  im- 
perfectly known,  from  the  difficulty  of  procuring  it  in  a 
pure  state. 

V 

Lymph  is  pellucid  and  insipid  : it  is  said  to  be  slightly 


OF  MUCUS. 


51 3 


viscid,  miscible  with  cold  water,  and  coagulated  by  heat, 
by  the  acids,  and  by  alkohol.  If  these  properties  belong 
to  it,  it  might  be  regarded  as  a solution  of  albumen;  but 
theie  is  some  uncertainty  whether  the  observations  refer  to 
pure  lymph  or  to  the  serum  of  the  blood,  from  these  fluids 
having  been  assumed  to  be  the  same.  Mr  Braude  collect- 
ed the  transparent  colourless  fluid  found  in  the  thoracic 
duct  ol  animals  that  had  been  kept  without  food  for  24 
hours,  and  as  it  seemed  to  differ  in  no  respect  from  that  con- 
tained in  the  lymphatic  vessels,  he  considered  it  as  lymph. 
It  was  miscible  with  water  in  every  proportion ; did  not  af- 
fect the  vegetable  colours  ; was  not  coagulated  by  heat,  nor 
by  acids,  or  alkohol,  but  was  rendered  slightly  turbid  by 
the  last  re-agent:  evaporated  to  dryness  it  gave  a very  small 
residuum,  which  slightly  changed  the  colour  of  violet  to  a 
green,  and  by  incineration  gave  a minute  portion  of  mu- 
riate of  soda. 

Lymph  undergoes,  on  the  surfaces  on  which  it  is  effused, 
a degree  of  inspissation,  probably  from  its  watery  part  be- 
ing absorbed ; it  then  forms  what  has  been  named  Mucus, 
which  covers  the  passages  and  internal  membranes  of  the 
body.  This  term  is  however  rather  vague.  Mr  Hatchet 
had  regarded  it  as  similar  to  gelatin,  only  that  when  heat- 
ed it  does  not  become  gelatinous.  Dr  Bostock  applied  it 
to  denote  a peculiar  principle,  existing  in  what  is  usually 
named  Mucus,  as  well  as  in  the  serum  of  the  blood,  and  in 
a number  of  the  animal  fluids.  It  may  be  obtained  solid 
by  evaporation,  and  is  again  soluble  in  water.  It  is  inso- 
luble in  alkohol  or  ether.  It  neither  coagulates,  nor  be- 
comes gelatinous,  when  its  solution  is  heated ; characters 
by  which  it  is  distinguished  from  albumen  and  gelatin. 
Neither  is  it  precipitated  by  tannin,  or  by  corrosive  muri- 
ate of  mercury.  The  acetate  of  lead,  or  Goulard’s  extract, 
produces  a copious  white  precipitate  with  it,  and  this  forms 
its  most  certain  test.  Dr  Bostock  has  remarked  its  resem- 
vol.  iv.  k.  k 


SI  4 


OF  MUCUS. 


blance  in  these  properties  to  vegetable  gum  *.  lourcroy 
o-ave  a still  more  extensive  signification  to  the  term,  con- 
sidering it  as  a principle  contained  in  almost  all  the  fluids, 
and  in  many  of  the  solids  of  the  body. 

There  is,  however,  no  conclusive  evidence  for  the  exist- 
ence of  any  well  defined  principle  of  this  kind.  Berzelius, 
while  denying  its  existence,  has  supposed  that  the  principle 
so  named  is  lactate  ol  soda,  with  an  adhering  portion  oi 
animal  matter,  an  opinion  almost  equally  vague.  It  has 
already  been  remarked,  under  the  history  of  the  blood, 
that  the  principle  named  Mucus,  supposed  to  exist  in  the 
serum,  is  probably  a small  portion  of  residual  albumen, 
modified  by  dilution,  and  the  intermixture  of  saline  mat- 
ter : and  the  liquid  mucus  covering  the  surtaces  ol  the  mem- 
branes, and  discharged  from  some  of  them  in  considerable 
quantity,  seems  to  be  inspissated  serum  or  lymph. 

The  mucus  of  the  nostrils  affords  a form  of  it,  under 
which,  from  its  quantity,  it  is  easily  examined.  It  was  made 
the  subject  of  investigation  by  Fourcroy  and  Vauquelin. 
As  first  secreted,  it  is  liquid  and  clear,  a little  viscid,  with- 
out smell,  and  of  a taste  somewhat  saline ; it  soon  becomes 
viscid  and  glairy  from  the  action  of  the  air,  and  in  this  state 
is  not  very  miscible  with  water,  nor  does  it  dissolve.  Boil- 
ed with  water  it  shews  no  sign  of  coagulation.  Evaporated 
by  a gentle  heat,  it  affords  crystals  of  muriate  and  carbo- 
nate of  soda,  and  phosphates  of  soda  and  lime.  From  the 
carbonate  of  soda  it  contains,  it  renders  green,  paper  stain- 
ed with  the  juice  of  the  mallow.  It  also  contains  an  ani- 
mal matter  not  albuminous,  but  which  becomes  thick  from 
the  action  of  the  oxygen  of  the  atmosphere,  or  of  oxymu- 
viatie  acid,  and  acquires  opacity  and  a yellowish  or  greenish 
colour.  The  acids  added  in  small  quantity  thicken  it,  but 
m a larger  proportion  they  re-dissolve  it,  giving  it  different 


* Nicholson’s  Journal,  vol.  xi.  p.  251.  vol.  xiv.  p.  1 44-. 
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colours.  The  alkalis  at  first  thicken,  and  then  dissolve  it. 
1 he  alkaline  or  earthy  salts  do  not  dissolve  it.  It  is  little 
liable  to  putrefaction,  when  kept  even  in  a humid  state*. 
According  to  Berzelius,  it  contains  mucous  matter  and  al- 
bumen, with  soda,  lactate  ot  soda,  and  muriate  of  potash 
and  soda.  The  mucus  ot  the  Trachea  is  similar. 

Fourcroy  and  Vauquelin  observed,  that  the  liquid  which 
forms  the  tears  is  nearly  the  same  with  the  nasal  mucus. 
It  is  cleai  as  water,  without  smell,  having  a taste  somewhat 
saline ; it  renders  green,  paper  tinged  with  juice  of  violet 
or  mallow,  a property  which  appears  to  be  owing  to  the 
presence  of  soda.  \Y  hen  heated  it  is  inspissated  ; from  ex- 
posuie  to  the  air,  it  becomes  also  viscid,  and  acquires  a 
yellowish  or  greenish  colour.  It  affords  cubic  crystals,  con- 
taining an  excess  ot  alkali  which  alkohol  dissolves,  leaving 
the  mucous  part  undissolved.  In  this  inspissated  state  it 
is  insoluble  in  water.  The  alkaline  solutions  which  have 
no  effect  on  the  liquid,  as  it  is  first  secreted,  dissolve  it  after 
it  has  suffered  this  change,  and  restore  to  it  its  fluidity  and 
transparency.  The  acids  exert  no  action  on  it  at  its  first 
-discharge,  except  saturating  the  free  soda.  When  it  has 
been  inspissated  by  exposure  to  the  air,  sulphuric  acid  dis- 
engages carbonic  and  muriatic  acid  gases,  by  decomposing 
the  muriate  and  carbonate  of  soda  which  it  contains  : oxy- 
muriatic  acid  causes  coagulation.  Alkohol  forms  white  floc- 
culi  in  this  liquid.  From  these  results,  it  follows,  that  the 
teais  are  formed  of  a large  quantity  of  water,  which  holds 
in  solution  animal  matter,  with  various  saline  substances,— 
muriate  of  soda,  pure  soda,  phosphate  of  soda,  and  phos- 
phate of  lime.  The  last,  when  it  accumulates,  forms  the 
concretions  sometimes  found  in  the  lachrymal  glands  f. 

A peculiar  modification  of  Lymph  seems  to  form  Piu. 


* Fourcroy *s  System,  vol.  ix.  p.  452. 
I bid.  vol.  ix.  p.  426. 
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In  phlegmonic  inflammation)  the  vessels  exeit  a certain  ac- 
tion, whence  an  increased  portion  ol  fluid  is  poured  out, 
and  this  is  changed  in  its  properties  from  that  which  con- 
stitutes the  usual  discharge  from  the  exhalents.  From  ul- 
cerated surfaces,  or  abscesses,  a similar  fluid,  still  farther 
changed  perhaps  in  its  properties,  is  effused.  rl  hese  con- 
stitute the  different  varieties  of  Pus,  or  Purulent  matter. 
The  distinction  between  these  and  the  Mucus  ol  the  mem- 
branes in  some  of  its  states  is  extremely  slight.  1 heir  ex- 
ternal appearance  is  similar,  and  though  numerous  experi- 
ments have  been  made  to  establish  discriminating  charac- 
ters between  them  from  chemical  properties,  from  the  sup- 
posed importance  of  determining  by  this  means  the  nature 
of  the  expectorated  fluids  in  some  diseases  of  the  lungs, 
the  success  of  these  has  been  only  imperfect.  Perhaps, 
indeed,  no  essential  distinction  exists  between  the  different 
varieties  passing  insensibly  into  each  other,  according  to 
the  action  of  the  vessels  from  wdiich  they  have  been  dis- 
charged. The  discriminating  characters  between  Mucus  in 
some  of  its  intermediate  states,  and  Pus  from  ulceration,  are 
founded  principally  on  the  action  of  acids,  mucus  being  dis- 
solved more  readily  and  more  perfectly  than  pus,  and  the  so- 
lutions of  the  former  being  more  permanent,  while  those  of 
the  latter  are  decomposed  and  rendered  turbid  by  the  affu- 
sion of  water.  Some  of  these  distinctions  were  pointed  out 
by  the  younger  Darwin  *.  And  an  ample  investigation  of 
these  fluids  in  their  principal  varieties,  was  given  by  Dr 
Pearson  f.  Their  general  composition  he  inferred  to  be  al- 
bumen, with  saline  matter,  chiefly  muriate  of  soda,  potash, 
phosphate  of  ammonia  and  of  lime,  carbonate  of  lime,  a 
sulphate  and  a minute  portion  of  oxide  of  iron.  And  the 
chief  differences  between  them  seemed  to  be  in  the  pi o- 
portions  of  these  ingredients,  and  more  particularly  of  the 


* Experiments  on  Pus  and  Mucus, 
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albuminous  matter  to  water.  The  thickest  contained  the 
largest  quantity,  and  the  smallest  proportion  of  the  saline 
substances. 


Sect.  V. — of  saliva,  of  the  pancreatic  fluid. 

The  fluid  secreted  in  the  salivary  glands  is  designed  to 
promote  the  mastication,  and  perhaps  the  digestion  of  the 
food.  Its  taste  is  slightly  saline ; it  has  a slight  degree  of 
viscidity ; hence  it  is  frothy,  or  retains  the  air  entangled  in 
it,  which  is  probably  owing  to  the  mucus  of  the  membrane 
mixed  with  it,  and  this  mucus,  according  to  Berzelius,  sub- 
sides slowly  after  dilution.  It  does  not  mix  readily  with 
water:  by  trituration  it  maybe  diffused  through  it;  but  a 
portion  remains  undissolved,  probably  this  mucous  matter. 
When  exposed  to  the  air,  a pellicle  forms  on  it;  it  becomes 
turbid  and  deppsites  flocculi,  changes  which  have  been  a- 
scribed  to  oxygenation : it  has  been  said,  indeed,  to  have 
an  unusual  tendency  to  absorb  oxygen ; and  hence  it  has 
been  affirmed,  that  it  promotes  the  oxidation  of  the  metals; 
the  extinction  of  mercury  by  trituration  being  facilitated 
by  it,  and  even  gold  and  silver  leaf  being  oxidated  when 
triturated  with  it  #. 

When  the  liquid  formed  by  triturating  saliva  with  wa- 
ter is  heated,  it  is  slightly  coagulated.  This  denotes  the 
presence  of  albumen.  It  is  also  coagulated  or  inspissated 
by  alkohol,  and  by  the  stronger  acids.  The  fixed  alkalis 
and  the  earths  cause  an  ammoniacal  odour  to  exhale  from, 
it,  by  decomposing  the  ammoniacal  salts  it  contains : the 
alkalis  at  the  same  time  dissolve  it.  Lime-water  throws 
down  a precipitate  of  phosphate  of  lime ; and  oxalic  acid 
detects  the  presence  of  lime  in  small  quantity.  The  me- 


* Fourcrov’s  System,  vol.  ix.  p.  445. 
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tallic  solutions,  especially  the  nitrates  of  lead,  mercury, 
and  silver,  cause  an  abundant  precipitation ; partly  from 
their  action  on  the  animal  matter,  and  partly  by  decom- 
posing the  phosphates  and  muriates  it  contains.  Acetate 
of  lead,  or  Goulard’s  extract,  produces  a copious  precipi- 
tate in  saliva  diluted  with  water  and  rendered  clear  by  fil- 
tration *. 

According  to  Berzelius,  the  peculiar  animal  matter  of 
saliva  is  obtained  by  evaporating  to  dryness,  adding  alko- 
liol  which  dissolves  its  saline  ingredients,  with  the  excep- 
tion of  a little  free  soda,  which  may  be  removed  by  alko- 
liol  acidulated  with  acetic  acid.  1 he  residue  is  mucus, 
mixed  with  the  peculiar  matter;  and  this  last  may  be  dis- 
solved by  water.  By  evaporation  it  leaves  a transparent 
mass,  soluble  again  in  water.  Its  solution  is  not  precipi- 
tated either  by  alkalis  or  acids,  or  sub- acetate  oi  lead,  mu- 
riate of  mercury,  or  tannin,  nor  does  it  become  turbid  by 
boilino’.  The  saline  ingredients  are  alkaline  muriates,  lac- 
tate  of  soda,  and  pure  soda.  The  composition  ot  the  en- 
tire saliva,  according  to  the  same  chemist,  arc  water  992.9, 
peculiar  animal  matter  2.9,  mucus  1.4*,  alkaline  muriates 
1.7,  lactate  of  soda  and  animal  matter  0.9,  pure  soda  0.9  f. 

The  concretions  which  are  sometimes  deposited  in  the 
excretory  ducts  of  the  salivary  glands,  are  stated  by  Four- 
croy  to  consist  of  phosphate  of  lime  with  mucus ; and  the 
incrustation  formed  on  the  teeth  from  the  saliva,  and  known 
by  the  name  of  Tartar  of  the  teeth,  is  said  to  be  of  a simi- 
lar nature.  This  last  substance  is  stated  by  Berzelius  to  be 
composed  of  79  of  earthy  phosphates,  12.5  of  mucus,  and 
8.5  of  other  animal  matter. 

The  similarity  of  the  Pancreatic  Juice,  or  liquid  se- 
creted by  the  pancreas,  to  the  saliva,  has  always  been  ob- 


* Bostock,  Nicholson’s  Journal,  vol.  xiv.  p.  14/ 
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served  by  physiologists,  but  it  has  undergone  little  chemi- 
cal examination.  Dr  Fordyce,  from  a small  quantity  which 
he  procured  of  it,  found  it  to  be  liquid  and  colourless,  ha- 
ving a taste  slightly  saline.  On  allowing  it  to  evaporate, 
crystals  were  deposited,  similar  to  those  from  saliva,  and 
muriatic  acid  was  indicated  by  the  test  of  nitrate  of  silver. 
On  evaporation  also  a colourless  mucus  was  obtained,  which 
re-dissolved  in  water,  though  the  compound  with  water,  to 
use  Dr  Fordyce’s  expression,  is  not  very  diffusible  through 
water  *.  From  these  facts  it  appears  to  be  analogous  to  sa- 
liva, and  probably,  as  physiologists  have  conjectured,  serves 
the  same  purpose  in  promoting  the  digestion  of  the  food. 


Sect.  VI. — of  the  gastric  fluid. 

No  fluid  presents  more  singular  properties,  than  that 
which  is  secreted  by  the  glands  of  the  stomach,  and  which 
is  of  so  much  importance  in  the  process  of  digestion. 
From  its  connection  with  that  process,  its  properties  have 
been  often  the  subject  of  investigation,  and  a number  of 
facts  w’ith  regard  to  it  have  been  discovered  by  the  labours 
of  Reaumur,  Stevens,  and  Spallanzani. 

The  principal  difficulty  in  submitting  it  to  experiment  is 
that  of  obtaining  it  pure;  for  as  there  is  no  duct  whence 
it  can  be  collected,  it  is  always  liable  to  be  mixed  w?ith  the 
contents  of  the  stomach.  The  method  which  Spallanzani 
employed,  was  to  cause  an  animal  to  swallow  small  pieces 
of  sponge,  when  it  had  fasted  so  long  as  that  the  food  might 
be  supposed  to  have  been  evacuated  from  the  stomach,  and 
after  some  hours  withdrawing  them  by  a string  attached  to 
them.  By  pressing  them  over  a glass  capsule,  the  gastric 
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fluid  which  they  had  imbibed  was  obtained.  It  has  also 
been  collected  from  the  stomach  of  an  animal  newly  killed, 
which  had  previously  been  kept  some  hours  without  food; 
but  the  quantity  that  can  be  thus  procured  is  not  consider- 
able. In  the  operation  of  vomiting  it  frequently  happens, 
that  after  the  mixed  contents  of  the  stomach  had  been  dis- 
charged, a colourless  fluid,  more  or  less  viscid,  is  brought 
up,  which  has  been  regarded  as  the  gastric  juice.  Dr  For- 
dyce  has  remarked,  however,  that  he  had  often  examined 
this,  and  found  it  to  be  water,  with  a small  quantity  of  sa- 
line matter,  and  to  be  destitute  of  one  of  the  most  charac- 
teristic properties  of  the  gastric  fluid,  that  of  coagulating 
milk. 

The  gastric  fluid  obtained  by  Spallanzani,  was,  in  all  the 
orders  of  animals  from  whom  he  procured  it,  whether  gra- 
menivorous  or  carnivorous,  similar  in  appearance  and  phy- 
sical qualities.  If  unmixed  with  any  of  the  food,  it  was 
clear,  or  its  transparency  was  at  least  little  inferior  to  that 
of  water.  Its  taste  was  always  somewhat  saline,  frequent- 
ly also  bitter:  this  bitterness,  as  well  as  a tinge  of  yellow 
which  it  sometimes  had,  being  owing,  as  he  supposes,  to 
the  presence  of  bile.  Fie  could  not  discover  in  it  any  in- 
dication of  acidity,  except  sometimes  in  animals  feeding  on 
vegetables,  and  the  acidity  was  then  evidently  owing  to  the 
intermixture  of  the  food,  and  the  changes  it  had  under- 
gone * : it  was  equally  free  from  any  alkali : when  tritu- 
rated with  lime,  it  wTas  found  to  emit  a foetid  odour.  It 
precipitated  silver  in  the  state  of  muriate,  from  nitrate  of 
silver : evaporated  it  gave  a solid  residuum,  deliquescent, 
and  having  an  unpleasant  odour.  Subjected  to  destructive 
distillation,  muriate  of  ammonia  was  sublimed  f. 

To  this  very  imperfect  account  of  the  qualities  of  the 
gastric  fluid,  some  facts  were  added  by  Macquart  and  Vau- 

* Spallanzani’s  Dissertations,  vol.  i.  p.  527. 
t Ibid.  p.  55.  87.  282.  529. 
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quelin.  They  obtained  it  from  the  stomachs  of  sheep  and 
calves ; they  always  found  in  it  free  phosphoric  acid  and 
phosphates.  A small  quantity  of  albumen  was  separated 
irom  it  by  the  action  of  acids,  besides  a portion  of  mucus 
or  gelatinous  matter  *. 

Spallanzani  had  observed,  that  the  gastric  fluid  is  little 
liable  to  putrefaction.  Obtained  from*  his  own  stomach  by 
vomiting,  he  remarks,  that  “ it  did  not  change  colour  or 
taste,  nor  did  it  acquire  any  bad  smell,  though  kept  above 
a month,  in  the  hottest  season  of  the  year and  he  ob- 
serves, that  this  is  a property  common  to  every  gastric 
fluid  he  had  examined  f.  Nay,  he  found,  that  it  prevents 
substances  from  putrefying,  and  even  that  animal  matter, 
which  had  become  offensive,  was  rendered  free  from  this, 
by  maceration  in  the  gastric  fluid,  either  out  of  the  body 
or  in  the  stomach  of  the  animal  f.  These  properties  were 
not  observed  by  Macquart  and  Vauquelin  in  the  gastric 
fluids  they  examined  ; on  the  contrary,  they  became  cor- 
rupted in  a few  days.  The  observation  of  Spallanzani 
was,  however,  confirmed  by  the  experiments  of  Stevens. 

The  most  singular  property  of  this  fluid,  and  one  which 
is  undoubtedly  chemical,  is  its  solvent  power  with  regard 
to  the  food, — a power  established  by  the  multiplied  re- 
searches of  Reaumur,  Stevens,  and  Spallanzani.  Reau- 
mur inclosed  articles  of  diet  in  metallic  tubes  open  at  both 
ends,  which  he  forced  animals  to  swallow;  employing  those 
substances  with  regard  to  each  on  which  they  naturally 
feed.  By  this  contrivance  he  avoided  the  action  of  pres- 
sure and  trituration,  which  had  been  considered  as  prin- 
cipal causes  of  digestion,  and  exposed  the  food  merely  to 
the  action  of  the  gastric  fluid.  He  found,  that  in  animals 


* Fourcroy’s  System,  vol.  x.  p.  11. 
t Dissertations,  vol.  i.  p.  1S5.  285. 
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with  a membranous  stomach,  and  which  usually  feed  on 
flesh,  the  inclosed  food  was  dissolved,  more  or  less  com- 
pletely, according  to  the  time  during  which  the  tubes  were 
allowed  to  remain  in  the  stomach  ; and  he  hence  inferred, 
that  the  gastric  fluid  of  these  animals  is  possessed  of  a sol- 
vent power.  But  in  those  animals  which  have  a muscular 
stomach,  capable  of  strong  contraction,  and  therefore  of 
performing  the  office  of  trituration,  the  substances  inclosed 
(grains  chiefly  on  which  these  animals  feed,  though  some- 
times also  grass,  or  even  flesh)  were  not  dissolved  ; and 
hence  he  concluded,  that  in  these  animals  the  gastric  fluid 
is  not  a solvent,  and  that  the  digestion  of  the  food  is  effect- 
ed by  trituration.  Spallanzani  rectified  this  conclusion ; 
he  shewed,  that  the  trituration  is  necessary  only  to  bruise 
the  food,  and  thus  prepare  it  for  the  action  of  the  gastric 
fluid,  and  that  when  previously  bruised,  or  when  from  any 
other  preparation  it  is  in  a soft  or  humid  state,  and  inclosed 
in  tubes,  it  is  dissolved  by  these  being  allowed  to  remain 
in  the  stomach  #.  He  further  found  with  Reaumur,  that 
in  animals  with  a membranous  stomach,  the  solution  of  the 
food  inclosed  in  tubes  takes  place  very  readily  f.  And 
what  is  still  more  decisive  with  regard  to  the  solvent  power 
of  the  gastric  fluid,  he  found,  that  the  different  substances 
used  as  food,  both  flesh,  bread,  grain,  and  grass,  submitted 
to  its  action  out  of  the  body,  at  a temperature  not  higher 
than  that  of  animals,  were  dissolved  f.  It  appears  from 
his  researches,  that  in  animals  with  a membranous  stomach, 
the  solvent  power  is  greater  than  in  those  with  a muscular 
stomach  ; and  in  some  of  the  former,  in  the  dog  for  ex- 
ample, or  the  eagle,  the  solvent  power  is  very  considerable, 
the  hardest  bone  inclosed  in  tubes  being  speedily  dissolved. 


* Dissertations,  vol.  i.  p.  55. 
t Ibid.  vol.  i.  p.  69.  70.  108.  25S. 
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With  the  experiments  of  Spallanzani,  those  of  Stevens 
in  general  agree  *.  Availing  himself  of  the  opportunity  ol 
making  experiments  on  a man  who  had  the  power  of  swal- 
lowing hard  substances  without  injury,  he  gave  to  him  al- 
most all  the  articles  of  food,  vegetable  or  animal,  inclosed 
separately  in  hollow  spheres  of  silver,  perforated  with  holes, 
and  found  that  they  were  speedily  dissolved.  And  conti- 
nuing his  experiments  on  animals,  he  established  nearly 
the  same  results  as  Spallanzani  had  done.  He  found  too, 
that  the  gastric  juice  out  of  the  body  exerts  its  solvent 
power.  Half  an  ounce  of  the  gastric  juice  of  a dog  was 
put  into  a phial  with  twelve  grains  of  roasted  beef,  and 
the  same  quantity  of  the  same  beef  was  put  into  another 
phial  with  water.  Both  were  exposed  to  a temperature  of 
102  or  104:  in  eight  hours,  the  beef  in  the  gastric  fluid 
was  dissolved,  while  that  in  the  water  was  iy>t  sensibly  al- 
tered : in  twenty-four  hours,  the  latter  was  putrid,  while 
the  former  had  merely  a pungent  odour,  probably  from  a 
slight  scorching  from  the  heat.  When  the  experiment 
was  repeated  with  flesh  masticated,  the  solution  was  sooner 
completed  ; and  in  a similar  manner,  other  substances, 
both  animal  and  vegetable,  were  dissolved. 

In  one  point,  the  experiments  of  these  physiologists  do 
not  perfectly  correspond.  Stevens  found,  that  those  kinds 
of  food  on  which  animals  do  not  naturally  feed  are  not 
dissolved  when  introduced  in  these  balls  into  the  stomach; 
that  if  tubes  or  balls,  for  example,  containing  flesh,  fish, 
grass,  and  herbs,  be  introduced  into  the  stomach  of  a sheep, 
the  latter  are  dissolved,  while  the  former  are  not  altered. 
The  experiment  was  repeated  on  the  ox  with  a similar  re- 
sult; and  hence  it  appears,  that  in  those  animals  which 
usually  feed  on  vegetables,  animal  food  is  not  dissolved  by 
the  gastric  fluid.  Spallanzani,  however,  obtained  a result 
somewhat  different ; in  animals  which  feed  principally  on 
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grain,  as  ducks,  hens,  and  turkeys,  flesh  introduced  in 
tubes  into  the  stomach  being  dissolved  * ; while  in  those 
which  feed  usually  on  flesh,  as  the  crow,  farinaceous  grains, 
previously  bruised  and  introduced  in  tubes,  were  likewise 
dissolved-)-.  These  animals,  however,  do  not  seem  natu- 
rally much  limited  to  one  kind  of  food,  but  can  subsist  on 
very  different  substances.  And  it  is  admitted  by  Spallan- 
zani, that  some  species,  as  birds  of  prey,  are  incapable  of 
digesting  vegetables  f.  It  therefore  rather  appears,  that 
the  solvent  power  of  the  gastric  fluid  is  in  a great  measure 
limited  to  the  kind  of  food  on  which  the  animal  naturally 
subsists,  though  the  stomach  is  undoubtedly  capable  of  so 
far  adapting  itself  to  the  food  received,  that  the  animal  can 
at  length  be  brought  to  be  nourished  by  substances  the  most 
opposite  to  those  on  which  it  naturally  feeds.  In  those 
animals  which  feed  both  on  vegetable  and  animal  matter, 
as  in  man,  both  are  dissolved  by  the  gastric  fluid. 

The  solvent  power  of  this  fluid  is  well  shewn  by  its  ac- 
tion on  the  stomach  itself ; it  frequently  happening  that  an 
erosion,  or  a solution  of  the  depending  part  of  the  stomach, 
is  discoverable  after  death,  as  Mr  Hunter  first  pointed  out  ||. 
And  no  fact  better  shews,  how  far  the  presence  of  vitality 
suspends  or  counteracts  the  usual  chemical  powers,  since, 
during  life,  the  stomach  does  not  suffer  from  the  action  of 
this  fluid.  Stevens  has,  however,  stated  some  facts  to 
prove,  that  this  is  to  be  understood  with  some  limitation, 
and  that  animals,  even  while  alive,  are  in  some  cases  sub- 
ject to  the  process  of  digestion  §. 

These  facts  with  regard  to  the  solvent  power  of  the  gas- 
tric fluid  are  truly  singular;  they  arc  such  as  could  not  be 


1 Dissertations,  vol.  i.  p.  56. 
t Ibid.  p.  65. 
t Ibid . p.  217.288. 
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inferred  from  any  quality  it  is  known  to  possess,  or  from 
any  other  chemical  agency  it  appears  to  be  capable  of  exert- 
ing : they  admit,  therefore,  ol  no  explanation,  and,  in  our 
present  imperfect  knowledge  of  its  nature,  must  be  received 
merely  as  ultimate  facts.  The  chyle  ot  animals  who  live 
entirely  on  vegetable  food,  of  the  horse  for  example,  con- 
tains principles  strictly  analogous  to  those  of  animal  mat- 
ter. The  rapid  change,  therefore,  says  Vauquelin,  which 
vegetable  substances  suffer  in  the  organs  of  digestion  of 
animals,  and  their  total  conversion  into  animal  matter,  are 
truly  astonishing ; a few  hours  being  sufficient  to  cause  the 
characters  and  nature  of  vegetable  matter  to  disappear  en- 
tirely. The  powers,  therefore,  exerted  in  digestion  must 
be  highly  energetic. 


Sect.  VII. — of  bile,  of  biliary  calculi. 

Bile  is  a fluid  secreted  by  the  liver  from  the  venous 
blood  which  has  circulated  through  the  abdominal  viscera  ; 
it  enters  the  intestines,  and  appears  designed  to  serve  some 
important  purpose,  from  the  large  quantity  of  it  secreted. 
It  has  generally  been  considered  as  an  assisting  agent  in 
the  process  of  digestion,  or  at  least  in  the  formation  of 
chyle ; and,  in  support  of  the  latter  conclusion,  the  fact 
has  been  stated,  that  no  traces  of  the  chyle  are  to  be  dis- 
covered previous  to  the  intermixture  of  the  bile  with  the 
digested  food.  It  is  no  argument  against  this  opinion, 
that  the  bile  cannot  be  discovered  by  any  of  its  properties 
in  the  chyle ; for  these  may  be  changed  by  the  combina- 
tion, or  some  of  its  principles  only  may  enter  into  the  com- 
position of  that  fluid,  while  others  are  discharged  as  ex- 
crementitious.  The  singularity  deserves  to  be  remarked, 
that  it  is  formed  from  venous  blood,  while  the  other  secre- 
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tions  appear  to  take  their  origin  from  arterial  blood.  This, 
deviation  would  lead  to  the  conjecture,  that  a large  pro- 
portion of  carbon  and  hydrogen  is  necessary  to  its  consti- 
tution ; it  will  accordingly  appear  from  its  analysis,  that 
its  principal  ingredient  is  highly  inflammable,  and  is  simi- 
lar in  its  properties  to  the  vegetable  resins,  in  the  compo- 
sition ot  which  carbon  and  hydrogen  predominate ; and 
the  hypothesis  which  has  been  proposed  is  not  improbable, 
that  that  portion  of  it  which  is  excrementitious  is  designed 
to  convey  an  excess  of  hydrogen  from  the  system.  Its  se- 
cretion, under  this  point  of  view,  may  be  regarded  as  sub- 
ordinate to  respiration,  and  as  freeing  the  blood  from  prin- 
ciples which  could  not,  without  inconvenience,  be  entirely 
abstracted  by  the  action  of  the  air. 

The  bile,  when  first  secreted,  is  liquid  and  thin  ; in  this 
state,  a portion  ot  it  constantly  flows  into  the  upper  part  of 
the  intestinal  canal.  But  in  many  animals,  there  is  a par- 
ticular reservoir,  the  gall-bladder,  into  which  a quantity  is 
received,  which  from  absorption  becomes  more  thick,  and 
which  occasionally  flows  into  the  intestines.  The  qualities 
ot  the  bile  do  not  seem  to  be  otherwise  much  altered  in 
this  organ,  and  its  inferior  importance  is  demonstrated  by 
the  fact,  that  in  many  even  of  the  more  perfect  animals  it 
is  wanting.  It  is  this  cystic  bile,  however,  as  it  is  named, 
or  bile  collected  in  the  gall-bladder,  that  has  been  generally 
examined,  as  it  is  that  which  is  most  easily  procured. 

It  has  always  a certain  degree  of  tenacity,  more  or  less, 
according  to  the  time  during  which  it  has  been  retained 
in  the  gall-bladder,  and  probably  according  to  the  energy  of 
absorption.  It  feels  unctuous,  or  rather  soapy  : its  specific 
gravity  is  1.026  : its  colour  is  yellowish  green,  and,  in  some 
animals,  nearly  pure  yellow  : its  odour  is  faint,  and  pecu- 
liar : its  taste  is  extremely  bitter,  this  bitterness  being 
strong  even  in  its  most  dilute  state,  and  becoming  intense 
when  the  bile,  from  stagnation,  is  thick  and  viscid. 

Bile,  from  its  obvious  importance  in  the  living  system, 
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inis  often  been  submitted  to  chemical  examination.  For 
the  principal  facts  with  regard  to  it,  we  are  indebted  to 
Cadet  *,  Ramsay  f,  and  more  lately  to  the  investigations 
of  Thenard  f. 

Bile  at  a moderately  warm  temperature,  suffers  sponta- 
neous decomposition,  emits  a foetid  odour,  and  seems  to 
pass  into  putrefaction. 

When  exposed  to  a gentle  heat,  a large  quantity  of  wa- 
tery liquid,  about  90  parts  from  100,  passes  over  ; this  has 
the  odour  of  the  bile,  but  not  its  taste.  The  residual  mat- 
ter is  thick  and  tenacious,  of  a dark  brown  colour,  intensely 
bitter,  deliquescent,  and  soluble  in  water;  after  some  time, 
it  acquires  a peculiar  smell  similar  to  that  of  ambergrise 
or  musk  : bile  itself  acquires  this  smell  on  being  kept,  and 
communicates  it  to  the  water  distilled  from  it.  When  the 
extract  of  bile,  as  the  substance  which  is  obtained  by  eva- 
poration of  the  watery  part  is  named,  is  exposed  to  a heat 
gradually  raised,  it  is  decomposed ; water  containing  sul- 
phuretted hydrogen,  distils  over ; a liquid  next  passes, 
brown  and  very  foetid,  containing  carbonate  and  acetate  of 
ammonia ; this  is  succeeded  by  empyreumatic  oil ; more 
carbonate  of  ammonia  sublimes,  and  carbonic  acid,  .car- 
buretted  and  sulphuretted  hydrogen  gases,  are  disengaged. 
A spongy  charcoal  remains,  which  burns  easily,  and  which, 
when  exposed  to  the  air,  affords  an  efflorescence  of  car- 
bonate of  soda.  By  incineration,  there  are  obtained  from 
it  carbonate  of  soda,  amounting  to  nearly  half  its  weight, 
with  a little  muriate  of  soda,  and  some  traces  of  iron  |], 
and,  according  to  Fourcroy,  phosphate  of  soda  and  phos- 
phate of  lime.  The  dry  matter  obtained  by  the  evapora- 
tion in  this  experiment,  takes  fire  if  heated  under  free  ex- 


* Memoires  de  l’Acad.  des  Sciences,  1767. 
f Dissertatio  Inauguralis,  Edin.  1757. 
f Memoires  de  la  Sociefe  d’Arcueil,  tom  i.  p.  25.  46. 
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posure  to  the  air,  and  yields  the  same  salts  alter  the  com- 
bustion, and,  according  to  Thenard,  a small  portion  of  sul- 
phate of  soda. 

Bile  mixes  with  water  in  every  proportion,  and  even  in 
its  inspissated  state  is  readily  dissolved  by  it.  The  solu- 
tion changes  the  colour  of  violet,  or  mallow,  to  a green, 
indicating  the  presence  of  a free  alkali. 

The  acids  decompose  bile.  If  a few  drops  of  acid  be 
added,  little  precipitation  is  occasioned,  but  a liquor  of  a 
reddish  tint  is  obtained.  II'  more  be  added,  a copious  pre- 
cipitate is  formed,  of  a greenish  colour,  especially  when 
thrown  down  by  muriatic  acid  ; after  some  hours,  as  Cadet 
observed,  much  of  this  coagulum  disappears,  and  there  re- 
mains on  the  filtre  a substance  similar  in  its  properties  to 
albumen.  The  liquor  obtained  by  filtration,  has  an  extreme- 
ly bitter  taste;  when  evaporated,  it  deposites  flakes,  te- 
nacious and  inflammable,  melting  and  burning  when  kin- 
dled, with  much  smoke  like  a resin,  and  soluble  in  alkohol. 
The  liquor  poured  off  from  this  contains  soda,  as  it  affords, 
by  evaporation,  the  salts  formed  by  the  union  of  soda  with 
the  acid  that  has  been  employed  in  the  experiment  *.  These 
are  the  general  effects  which  are  somewhat  diversified  bv 
the  different  acids.  Concentrated  sulphuric  acid  separates 
dense  flocculi,  and  gives  a deep  colour ; diluted  sulphuric 
acid  renders  bile  intensely  green.  Muriatic  acid  also  pre- 
cipitates it  of  a green  colour,  which  from  heat  assumes  a 
violet  tinge.  Nitric  acid  precipitates  it  green  in  the  cold, 
but,  when  heated,  assumes  a red,  and  ultimately  a grey 
colour;  by  evaporation  it  assumes  a golden  yellow  colour, 
and  the  bile  is  converted  partly  into  oxalic  and  prussic 
acids.  Oxymuriatic  acid  whitens  it  and  renders  it  turbid, 
by  coagulating  its  albumen,  and  at  the  same  time  converts 
its  resin  into  a white  fatty  substance  f. 


* Cadet,  Me  moires  tic  l’Acad.  des  Sciences,  1767,  p.  540. 
t Fourcroy,  ibid.  178.9,  p.  515. 
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The  action  of  alkohol  on  bile  affords  results  which  point 
out  most  clearly  the  nature  of  its  immediate  principles. 
When  the  alkohol  is  poured  upon  it,  a coagulum  is  form- 
ed, which  floats  in  a liquid  of  a green  colour.  When  this 
is  separated  by  filtration,  there  remains  on  the  filtre  a white 
viscid  substance,  having  scarcely  any  bitter  taste,  and  very 
putrescible,  approaching  therefore  in  its  properties  to  al- 
bumen, and  which  has  hence  received  the  name  of  the 
Albumen  of  Bile.  It  can  likewise  be  separated,  though 
imperfectly,  by  heat,  bile  becoming  thick  when  its  tempe- 
rature is  raised  to  1 70°,  independent  of  any  evaporation  ; 
it  is  this  matter  too,  which  forms  the  basis  of  the  coagu- 
lum separated  by  acids ; it  is  insoluble  by  itself  in  water, 
but  it  combines  with  soda,  and  is  rendered  soluble. 

The  filtered  liquor  obtained  in  the  coagulation  of  bile 
by  alkohol,  retains  the  green  colour  and  the  bitter  taste  of 
the  bile.  When  evaporated,  it  affords  a concrete  substance 
of  the  same  colour,  inflammable,  fusible  at  120°,  soluble 
in  alkohol,  and  precipitated  by  the  affusion  of  water.  It 
is  also  soluble  in  the  alkalis,  from  which  it  is  precipitated 
by  acids.  From  these  properties,  in  which  it  approaches 
to  the  vegetable  resins,  it  has  been  named  the  Resin  of  the 
Bile,  and  it  appears  to  be  the  principle  in  which  the  co- 
lour, odour,  and  taste  reside. 

Besides  these  principles,  Cadet  observed  in  the  bile  a 
kind  of  saccharine  matter,  which  approaches  in  its  proper- 
ties to  sugar  of  milk.  Verheyen  had  alluded  to  the  sac- 
charine taste  found  in  the  bile  when  it  has  been  thickened 
by  evaporation,  and  again  dissolved  in  water ; but  the  prin- 
ciple on  which  this  depends  had  not  been  discovered  prior 
to  Cadet’s  researches.  He  recognised  it  in  different  experi- 
ments. Thus,  when  bile  was  decomposed  by  muriatic  acid, 
and  the  muriate  of  soda  obtained  by  evaporation  of  the  re- 
sidual liquor,  he  found  among  the  crystals  of  this  salt,  an- 
other matter  in  trapezoidal  crystals,  in  which  he  observed 
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the  resemblance  in  taste  to  sugar  oi  milk.  And  lie  also 
procured  it  by  decomposing  bile  by  nitric  acid  ; it  remains 
in  the  residual  liquor  when  the  coagulum  has  been  sepa- 
rated, united  with  a portion  of  oily  or  resinous  matter;  on 
saturating  this  liquor  with  an  alkali,  this  saccharine  matter 
is  precipitated,  the  alkali  attracting  the  acid  and  the  oily 
matter.  It  has  been  more  lately  examined  by  Thenard. 
To  separate  it,  he  added  to  bile  sub-acetate  of  lead,  that 
is,  acetate  of  lead  boiled  with  an  excess  of  litharge ; the  al- 
bumen and  resinous  matter  were  precipitated  in  combina- 
tion with  oxide  of  lead  ; the  liquor  being  filtered,  the  ex- 
cess of  lead  remaining  in  it  was  separated  by  sulphuretted 
hydrogen  ; and  by  evaporation  of  the  liquid  after  this  ope- 
ration, a substance  was  obtained,  the  taste  of  which  was 
saccharine  and  acrid.  This  matter  he  named  Picromel. 
He  found  it  to  be  soluble  in  water  and  in  alkohol ; it  is  not 
crystallizable ; it  does  not  ferment  with  yeast ; it  precipi- 
tates the  solutions  of  nitrate  of  mercury,  and  those  of  iron, 
and  of  sub-acetate  of  lead  ; is  not  alfected  by  infusion  of 
galls ; and  it  forms,  with  soda  and  resin  of  the  bile,  a com- 
pound not  decomposed  by  acids,  alkalis,  or  earths. 

Its  most  important  property  is  that  ol  dissolving  the  re- 
sinous matter  of  the  bile.  This  had  been  supposed  to  be 
dissolved  by  the  alkali  which  experiments  proved  the  bile 
to  contain.  But  Thenard  found  that  the  quantity  of  al- 
kali is  not  sufficient  for  this  purpose ; it  is  aided  by  the  sol- 
vent power  of  the  picromel, — the  resinous  matter,  picromel, 
and  soda,  forming  a ternary  soluble  combination,  which, 
with  a little  albumen  and  certain  salts,  constitute  bile. 

The  saline  substances  which  the  bile  contains,  are,  be- 
sides the  soda,  the  existence  of  which  has  been  already 
stated,  muriate,  sulphate,  and  phosphate  of  soda,  phos- 
phate of  lime,  and  oxide  of  iron.  Thenard  gives  the  fol- 
lowing as  the  proportions,  water  700  parts,  solid  matter 
100  parts,  consisting  of  resin  24,  saccharine  substance  or 
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picromel  60,  yellow  albuminous  matter  4,  soda  4,  phos- 
phate of  soda  2,  muriate  of  soda  3.2,  sulphate  of  soda  0.8, 
phosphate  of  lime  1.2,  oxide  of  iron  a minute  trace. 

Little  was  known  with  regard  to  the  varieties  of  the  bile 
in  different  animals.  Thenard  instituted  some  inquiries  on 
this  subject.  His  first  experiments  were  made  on  ox  bile; 
that  ot  the  sheep,  dog,  and  cat,  he  found  to  be  similar  to 
it ; that  ot  the  hog  does  not  contain  either  albuminous  mat- 
ter, or  picromel,  but  resin  in  large  quantity,  with  soda,  and 
some  saline  substances.  The  bile  of  birds,  though  it  has 
a great  analogy  with  that  of  quadrupeds,  differs  from  it  in 
containing  a large  quantity  of  albuminous  matter,  and  in  the 
picromel  obtained  from  it  being  not  sensibly  saccharine, 
but  extremely  bitter  and  acrid ; there  are  also  only  mi- 
nute traces  of  soda;  and  acetate  of  lead  does  not  precipi- 
tate its  resinous  matter.  The  bile  of  fishes  is  usually  less 
bitter  than  that  of  quadrupeds.  Thenard  found,  that  that 
of  the  thornback  and  the  salmon  is  of  a yellowish  white  co- 
lour ; it  affords  by  evaporation  a matter  very  sweet,  and 
slightly  acrid,  and  it  appears  to  contain  no  resin  : that  of 
the  carp  and  the  eel  is  very  green,  extremely  bitter,  con- 
tains little  albuminous  matter,  and  affords  soda,  resin,  and 
a matter  sweet  and  acrid,  similar  to  that  from  the  bile  of 
the  salmon.  Human  bile  is  described  by  Thenard  as  vary- 
ing in  colour,  being  sometimes  green,  more  frequently  of 
a brownish  yellow,  sometimes  colourless ; its  taste  is  very 
bitter ; it  is  rarely  perfectly  limpid,  but  contains  a quan- 
tity of  yellow  matter  in  suspension.  It  becomes  turbid  on 
boiling,  and  by  evaporation  affords  a brown  mass  equal  to 
an  eleventh  part  of  the  bile  evaporated,  which  when  cal- 
cined afforded  the  same  saline  substances  as  ox  bile.  The 
acids  decompose  it,  and  throw  down  an  abundant  precipi- 
tate of  albumen  and  of  resin.  Acetate  of  lead  changes  it 

to 

into  a liquor  slightly  yellow,  in  which  no  picromel  is  found, 
and  which  contains  only  acetate  of  soda,  and  some  traces 
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of  animal  matter.  He  gives  the  following  as  the  composi- 
tion of  human  bile,  1000  of  water,  with  100  of  solid  mat- 
ter, consisting  of  from  2 to  10  of  a yellow  matter  insolu- 
ble, which  is  suspended  in  the  bile,  42  of  albumen,  41  ol 
resin,  5.6  of  soda,  and  4.5  of  phosphates  of  soda  and  lime, 
sulphate  and  muriate  of  soda,  and  oxide  of  iron.  He  adds, 
that  when  the  liver  is  enlarged,  the  bile  which  it  secretes 
appeared  to  be  less  resinous;  and  when  the  disease  is  much 
advanced,  it  is  principally  albuminous,  without  much  bit- 
terness *. 

Berzelius  has  given  altogether  a different  view  ol  the 
preceding  results,  and  of  the  composition  of  the  bile.  Ac- 
cording to  him,  there  is  no  such  principle  as  the  resin  of 
the  bile,  nor  does  it  contain  albumen  : what  has  been  con- 
sidered as  albumen,  is  mucus.  But  its  chief  constituent 
which  gives  it  colour  and  taste,  is  a peculiar  matter,  which 
is  of  itself  soluble  in  water,  and  does  not  owe  this  solubi- 
lity, as  has  been  supposed,  to  any  free  alkali ; since,  when 
this  is  neutralized  by  an  acid,  it  is  not,  according  to  his 
statement,  separated.  It  also  dissolves  in  alkohol  in  all  pro- 
portions. Like  albumen  and  other  animal  principles,  it 
combines  with  acids  in  two  proportions,  forming  compounds 
of  different  degrees  of  solubility.  Acetic  acid,  which  forms 
soluble  compounds  with  albumen,  does  the  same  with  the 
peculiar  matter  of  the  bile ; and  hence  this  matter  is  not 
precipitated  on  adding  this  acid  to  bile,  but  it  falls  down 
from  the  action  of  sulphuric,  nitric,  or  muriatic  acid.  It 
is  this  sparingly  soluble  compound  of  the  principle  of  bile 
with  a mineral  acid,  which  has  been  mistaken  for  a resin,  as 
it  possesses  the  external  characters  of  a resin,  is  fused  when 
heated,  dissolves  in  alkohol,  and  is  precipitated  in  part  at 
least  on  the  addition  of  water.  The  alkalis,  alkaline  earths, 
and  acetates,  decompose  and  dissolve  it,  the  former  by  de- 
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priving  it  of  part  of  its  combined  acid,  the  latter  by  yield- 
ing acetic  acid,  which  renders  it  soluble  in  water.  This 
peculiar  biliary  matter  may  be  obtained  pure,  by  mixing 
fresh  bile  with  sulphuric  acid  diluted  with  three  times  its 
weight  of  water  ; a yellow  precipitate  first  appears,  which 
is  to  be  removed,  being  chiefly  mucus ; fresh  acid  is  then 
added  as  long  as  any  precipitate  is  formed  ; the  mixture 
is  to  be  heated  gently  for  some  hours,  and  the  green  pre- 
cipitate which  is  left  is  to  be  well  washed  with  water.  The 
sulphuric  acid  may  be  abstracted  by  digesting  it  with  car- 
bonate of  barytes  and  water;  the  pure  biliary  matter  re- 
mains in  solution,  communicating  a green  colour  and  all 
the  peculiar  properties  of  bile.  When  dried  it  resembles 
entire  desiccated  bile;  it  is  soluble  in  alkohol,  but  not  in 
ether,  but  is  converted  by  ether  into  a kind  of  fatty  sub- 
stance. It  yields  no  ammonia  in  distillation,  and  there- 
fore contains  no  nitrogen.  According  to  Berzelius,  bile  is 
composed  of  80  of  this  biliary  principle,  3 of  mucus  of  the 
gall  bladder,  9.6  of  alkalis  and  salts,  (common  to  all  secre- 
ted fluids),  and  907.4  of  water  *.  The  observations  of  pre- 
ceding chemists  must  have  been  very  incorrect  if  these  views 
are  just. 


Theiie  are  frequently  formed  in  the  gall-bladder  con- 
cretions, derived,  probably,  from  changes  the  bile  suffers 
while  it  remains  in  that  organ.  These  have  been  named 
Biliary  Calculi,  and  have  been  repeatedly  subjects  of  che- 
mical investigation.  They  are  not  altogether  uniform  in 
their  appearance,  but  vary  in  colour,  texture,  and  hard- 
ness, and  in  their  chemical  characters. 

The  most  common  kind  are  of  a lamellated  structure, 
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and  consist  of  a substance  resembling  the  animal  fat  named 
Spermaceti,  disposed  in  crystalline  laminae.  This  peculiar 
matter  appears  first  to  have  been  taken  notice  of  by  Poul- 
letier  de  la  Salle : he  found,  that  when  these  calculi  are 
digested  in  alkohol,  the  liquid,  on  cooling,  deposites  bril- 
liant crystalline  flakes.  Fourcroy,  on  examining  it  *,  found, 
that  it  has  a close  resemblance  in  its  properties  to  that 
species  of  animal  fat  which  he  distinguished  by  the  name 
of  Adipocire,  and  of  which  he  considered  spermaceti,  as 
well  as  the  fatty  matter  formed  from  animal  substances  un- 
der certain  circumstances,  as  varieties.  It  melts,  but  re- 
quires a heat  superior  to  boiling  water : in  fusion  it  has  a 
smellMike  wax,  and  on  cooling,  forms  a substance  which 
breaks  into  crystalline  laminae.  It  is  not  soluble  in  alko- 
hol in  the  cold ; but  when  the  alkohol  is  boiled  on  it,  it  is 
dissolved  in  a proportion,  according  to  Fourcroy,  of  one 
part  in  nineteen, — according  to  Dr  Bostock,  one  in  thirty  f. 
The  solution,  when  it  cools,  deposites  light  brilliant  scales. 
It  is  soluble  in  ether  in  the  cold,  and  more  abundantly  if 
the  ether  be  heated.  Oil  of  turpentine  dissolves  in  general 
biliary  calculi;  and  according  to  Gren,  it  dissolves  those 
which  consist  of  this  peculiar  matter ; yet  Dr  Bostock 
has  remarked,  that  oil  of  turpentine  acts  on  it  with  diffi- 
culty, and,  even  when  digested  with  it  at  a boiling  heat, 
dissolves  it  in  a small  degree  only.  Pure  soda  and  potash 
dissolve  it,  and  reduce  it  to  a saponaceous  state.  Ammo- 
nia exerts  little  action  on  it,  except  when  boiling.  Nitric 
acid  dissolves  it,  and,  according  to  Fourcroy,  converts  it 
into  a liquid  similar  to  the  oil  of  camphor,  which  becomes 
concrete.  Chevreul  lias  lately  proposed  to  name  it  Cho- 
lesterine.  He  has  remarked,  in  opposition  to  the  state- 
ment of  Fourcroy,  that  it  does  not  form  a soap  with  the 
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fixed  alkalis,  in  which  it  differs  from  spermaceti.  According 
to  Pelletier,  a new  acid  is  produced  by  the  action  of  nitric 
acid  upon  it,  which  he  has  named  Cholesteric  acid  . 

This  substance,  Fourcroy  has  observed,  is  contained  in 
greater  or  less  quantity  in  nearly  all  the  human  biliaiy  cal- 
culi, intermixed  with  other  matter,  but  so  far  predominant 
as  to  form  their  basis.  Hence  they  partake  of  its  propel  - 
ties ; are  fusible,  inflammable,  and  more  or  less  soluble  in 
the  re-agents  which  dissolve  it.  Their  texture  is  lamina- 
ted or  radiated  : some  are  composed  of  it  nearly  pure ; 
these  consist  of  layers,  soft  and  brilliant ; in  others,  it  is 
intermixed  with  a yellowish  or  greenish  mattei  ; and  in 
some,  this  matter  is  in  so  large  a proportion,  that  the  other 
principle  is  disguised,  and  is  discovered  only  by  its  depo- 
sition, when  the  calculus  has  been  dissolved  by  hot  alkohol ; 
and  often  the  calculus  consists  of  layers,  which,  from  theii 
colour,  appear  to  consist  of  these  principles  in  different 
proportions. 

Other  calculi  are  sometimes  found,  particularly  in  the 
gall-bladder  of  quadrupeds,  which  have  been  supposed  to 
consist  chiefly  of  inspissated  bile  ; but  which  appear  to  con- 
sist rather  of  this  yellow  substance.  It  must  have  under- 
gone some  other  change  than  mere  inspissation  ; for,  as  Dr 
Bostock  has  observed,  it  is  nearly  insoluble  both  in  boil- 
ing water  and  in  alkohol.  Thenard  has  stated,  that  the 
biliary  calculi  in  the  ox  are  always  homogeneous,  and  con- 
sist of  successive  layers  of  the  yellow  or  albuminous  mat- 
ter of  the  bile. 

To  point  out  the  distinctions  among  these  calculi  from 
mechanical  structure,  is  foreign  to  their  chemical  history. 
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Sect.  VIII. — or  urine,  of  uree.  of  uric  acid,  of 

URINARY  CALCULI. 

The  fluid,  secreted  by  the  kidneys,  is  excrementitious, 
or  is  designed  to  convey  from  the  body  matter  which,  if 
retained,  might  prove  injurious  : acidification  seems  in  par- 
ticular to  take  place  in  this  secretion,  and  hence  it  affords 
more  saline  substances  than  any  other  secretion,  mixed, 
however,  with  other  animal  principles,  which  give  appro- 
priate characters.  Some  of  these  are  even  peculiar  to  u- 
rine;  its  chemical  history  is  therefore  of  much  importance, 
and  has  been  the  subject  of  many  laborious  researches. 
Margraaf  began  the  scientific  investigation  of  its  compo- 
sition. Some  facts  were  discovered  by  Rouelle* * * §.  Scheele 
discovered  the  uric  acid,  and  pointed  out  the  existence  of 
some  other  principles  f.  Cruickshank  added  a number  of 
important  facts  on  the  modes  of  analysis,  pointed  out  more 
clearly  the  principles  existing  in  urine,  both  in  a healthy 
and  a morbid  state,  and  distinguished  the  peculiar  animal 
matter  which  it  contains  £.  The  nature  of  this  principle, 
and  its  characters,  were  more  amply  developed  by  Four- 
croy  and  Vanquelin,  with  some  additional  facts  on  the 
chemical  history  of  urine  ||.  And  some  results  have  been 
more  recently  added  by  Berzelius  §,  and  others. 

The  colour  of  urine  is  pale  yellow  : its  odour  is  peculiar, 
but  not  strong  nor  foetid,  such  as  it  becomes  when  it  has 
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stood  tor  some  time : its  consistence  and  specific  gravity 
are  rather  greater  than  those  of  water : it  is  transparent, 
but  deposites  a light  cloud  as  it  cools,  from  the  deposition 
of  a little  mucus  from  the  bladder,  and  frequently  becomes 
turbid  from  the  separation  of  other  ingredients.  These 
qualities,  however,  are  liable  to  variation,  according  to  the 
length  of  time  it  has  remained  in  the  bladder  after  having 
been  secreted,  and  according  to  the  diet,  quantity  of  drink, 
and  other  circumstances  which  influence  the  secretion. 

Urine,  examined  when  immediately  discharged,  is  in  ge- 
neral sensibly  acid,  and  reddens  the  infusion  of  litmus. 
But  in  a short  time,  from  the  spontaneous  decomposition 
of  its  animal  matter,  a quantity  of  ammonia  is  evolved, 
which  not  only  neutralizes  the  acidity,  but  renders  the  u- 
line  alkaline.  Previous  to  this,  however,  it  deposites,  un- 
less it  has  been  in  a very  dilute  state,  part  of  the  acid  pe- 
culiar to  it,  Uric  Acid  as  it  is  named,  in  minute  crystals 
of  a reddish  colour,  and  in  some  states  of  the  system  this 
deposition  is  abundant,  forming  principally  what  is  named 
the  Lateritious  Sediment.  The  deposition  of  this  is  soon 
interrupted,  from  the  evolution  of  ammonia,  which  neu- 
tralizes it;  urate  of  ammonia  is  then  deposited;  and,  ac- 
cording to  Berzelius,  the  red  precipitate  is  super-urate  of 
ammonia  with  mucus.  Free  phosphoric  acid,  if  present, 
is  likewise  saturated,  and  the  proportion  of  phosphate  of 
ammonia  thus  increased ; and  the  neutral  phosphates  of 
lime  and  of  magnesia,  which  were  retained  in  solution  by 
the  free  acid,  are  deposited,  the  latter  attracting  a portion 
of  ammonia,  so  as  to  form  the  triple  phosphate  of  ammonia, 
and  magnesia.  As  the  decomposition  proceeds,  the  am- 
moniacal  odour  becomes  strong,  and  at  length  the  urine 
is  highly  alkaline,  from  the  presence  of  carbonate  of  am- 
monia, so  as  to  change  the  vegetable  colours  to  a green, 
and  even  to  effervesce  with  acids.  In  this  state  it  likewise, 
according  to  Fourcroy  and  Vauquelin,  contains,  neutra- 
lized by  ammonia,  a portion  of  acetic  acid,  derived,  as 
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well  as  the  ammonia  and  carbonic  acid,  from  the  decom- 
position of  the  animal  matter  or  uree.  If  kept  until  the 
whole  of  this  is  decomposed,  there  may  be  obtained  from 
it,  by  evaporation,  its  remaining  salts,  which  are  princi- 
pally phosphates  and  muriates,  with  bases  of  ammonia, 
soda,  magnesia,  and  lime.  In  this  spontaneous  slow  de- 
composition, oxygen  is  absorbed,  according  to  Gay  Lus- 
sac,  from  the  air. 

The  acid  contained  in  recent  urine  in  a free  state  is  prin- 
cipally the  one  denominated  Lithic  or  Uric,  and  which, 
though  in  very  variable  quantity,  is  contained  in  all  urine. 
Even  when  it  is  not  spontaneously  deposited,  it  may 
be  detected  by  its  tests,  particularly  by  the  pink  colour 
which  it  gives  with  nitric  acid  ; it  is  often  made  to  preci- 
pitate, by  concentrating  the  urine  by  evaporation,  or  it  may 
be  thrown  down  by  the  addition  of  an  acid.  This  acid, 
however,  scarcely  reddens  the  vegetable  colours,  and  as 
litmus  is  reddened  by  recent  urine,  it  is  evident  that  some 
other  must  be  also  present.  It  has  been  supposed  to  be 
the  phosphoric,  from  the  circumstance,  that  phosphate  of 
lime  is  present,  which  requires  an  excess  of  this  acid  to 
retain  it  in  solution.  But,  according  to  1 henard,  it  is  the 
acetic,  which  may  be  obtained,  by  adding  to  the  residuum 
of  the  evaporation  of  urine  by  a gentle  heat,  alkohol,  and 
then  adding  to  the  spirituous  solution  thus  formed,,  barytes, 
by  which  acetate  of  barytes  is  obtained  *.  According  to 
Berzelius,  it  is  the  lactic,  an  acid  which,  as  has  already 
been  remarked,  he  distinguishes  from  the  acetic;  and 
which  may  be  procured,  he  states,  by  evaporating  urine  to 
the  consistence  of  syrup,  and  adding  alkohol ; the  sub- 
stance remaining  undissolved  is  acid,  and  by  the  addition 
of  ammonia  is  decomposed,  and  the  lactic  acid  combined 
with  the  ammonia  becomes  soluble  in  alkohol.  By  adding 
lime  the  ammonia  is  expelled,  the  lime  may  then  be  ab- 
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Kiracted  by  oxalic  acid,  and  the  lactic  acid  remains.  A 
portion  of  benzoic  acid  was  said  by  Scheele  to  be  some- 
times present  in  urine,  especially  that  ol  children.  The- 
nard  has  found,  that  it  is  also  often  wanting,  even  when  the 
urine  is  acid  ; and  Berzelius  could  never  detect  it.  In  the 
urine  of  horses  and  cows,  it  is  sometimes  contained  in  con- 
siderable quantity  ; in  which  case  the  other  acids  exist  in 
smaller  proportion,  and  the  uree  appears  also  to  be  defi- 
cient. Hence,  by  mere  evaporation  of  the  urine,  and  the 
application  of  a sufficient  heat  to  the  residual  matter,  the 
benzoic  acid  is  sublimed  ; or  it  is  precipitated  when  mu- 
riatic acid  is  dropped  into  the  urine  evaporated  to  the  con- 
sistence of  syrup.  Proust  had  announced  the  presence  ol 
free  carbonic  acid  in  urine.  Berzelius  disputed  this.  But 
Vogel  has  confirmed  it  by  a simple  experiment, — placing 
urine  under  the  receiver  of  an  air-pump,  with  a vessel  ol 
lime-water,  and  exhausting  the  air,  air-bubbles  arose  from 
the  urine,  and  the  lime-water  became  milky  *. 

When  urine  is  exposed  to  a gentle  heat,  water,  holding 
carbonate  of  ammonia  in  solution,  is  evaporated  ; the  pro- 
portion of  which  increases  as  the  evaporation  proceeds. 
The  liquid  becomes  turbid,  darker  in  its  colour,  and 
stronger  in  its  odour  ; and  a flocculent  matter,  with  a whi- 
tish  powder,  are  precipitated  : the  former  being  supposed, 
by  Fourcroy  and  Vauquelin,  to  be  albumen,  the  latter  be- 
ing phosphate  of  lime  and  uric  acid.  When  reduced  to 
the  consistence  of  thin  syrup,  on  cooling,  it  passes  to  the 
state  of  a confusedly  crystallized  mass.  If  the  liquor  pour- 
ed from  this  be  evaporated,  this  is  repeated ; and  in  this 
way  several  successive  formations  of  crystals,  irregular,  and 
of  a brownish  colour,  take  place,  leaving  at  length  a li- 
quor deep  coloured  and  of  a thick  consistence,  in  which 
the  peculiar  animal  principle  of  urine  exists  in  solution. 

The  saline  matter  obtained  from  urine  by  evaporation, 
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has  long  been  a subject  of  chemical  investigation  ; it  was 
known  to  the  alchemists,  and  engaged  the  attention  suc- 
cessively of  Margraaf,  Pot,  Rouelle,  and  Scheele.  It  had 
received  the  absurd  name  of  Microcosmic  Salt,  and,  from 
its  fusibility,  had  also  been  named  Fusible  Salt  of  Urine. 
It  was  known  to  afford  phosphorus  by  distillation.  Mar- 
graaf recognised  in  it  the  presence  of  muriate  of  soda  and 
phosphate  of  ammonia,  and  likewise  phosphate  of  soda. 
Rouelle  distinguished  more  clearly  the  phosphates  of  am- 
monia and  soda,  and  described  the  methods  of  separating 
and  purifying  them.  He  announced  also  the  presence  of 
muriate  of  potash,  which  had  been  before  confounded  with 
the  muriate  of  soda,  and  which,  it  now  appears,  is  present 
even  in  larger  quantity  than  the  latter.  He  affirmed,  that 
he  had  likewise  extracted  sulphate  of  soda ; but  this  was 
supposed  doubtful,  and  to  have  arisen  from  his  having  mis- 
taken phosphate  of  soda  for  it.  The  sulphate  of  lime, 
which  he  also  supposed  he  had  discovered  in  this  saline 
mass,  was  supposed,  from  the  subsequent  discovery  of 
Scheele,  to  be  phosphate  of  lime.  But,  according  to  Ber- 
zelius, urine  does  contain  sulphuric  acid,  which  may  be 
detected  by  muriate  of  barytes,  and  which  exists  in  the 
state  of  sulphate  of  seda,  and  sulphate  of  potash.  Four- 
croy  and  Vauquelin  discovered  phosphate  of  magnesia. 
Berzelius  has  detected  in  urine  a small  portion  of  fluate  of 
lime,  derived  probably  by  absorption  from  the  bones,  in 
which  he  found  this  earthy  salt  to  exist.  These  salts  then, 
— the  phosphate  of  soda,  the  phosphate  of  ammonia,  phos- 
phate of  magnesia,  phosphate  of  lime,  muriate  of  soda,  mu- 
riate of  potash,  muriate  of  ammonia,  and  the  triple  com- 
pounds of  phosphate  of  soda  and  ammonia,  and  phosphate 
of  magnesia  and  ammonia,  and  the  sulphates,  with  a por- 
tion of  uric  acid  more  or  less  saturated  with  ammonia,  and 
uree,  compose  the  crystallized  mass  obtained  by  the  eva- 
poration of  urine.  They  exert  mutual  affinities,  in  con- 
sequence of  which  their  perfect  separation  is  difficult,  and 
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even  their  respective  properties  are  modified  : the  muriate 
of  soda,  for  example,  in  crystallizing,  takes  the  form  of  an 
octaedron,  and  not,  as  when  pure,  that  of  a cube ; and  the 
muriate  of  ammonia,  instead  of  appearing  under  its  usual 
form  of  a prism,  crystallizes  in  cubes.  These  modifications, 
according  to  Fourcroy  and  Vauquelin,  are  owing  princi- 
pally to  the  action  of  the  uree.  It  is  also  to  be  observed, 
that  all  these  salts  do  not  pre-exist  in  the  urine ; those 
containing  ammonia  derive  this  alkali  partly  from  its  for- 
mation during  the  evaporation  : and  as  the  combinations 
must  be  modified  by  the  concentration,  it  is  not  easy  among 
so  many  substances  to  determine  what  really  are  the  ori- 
ginal ingredients.  The  muriatic,  phosphoric,  and  fluoric 
acids,  appear  to  pre-exist  in  the  blood,  and  also  perhaps 
the  acetic  or  lactic.  The  sulphuric,  uric,  and  benzoic,  seem 
to  be  formed  in  the  kidneys. 

It  is  difficult  to  determine  the  proportions  of  these  pro- 
ducts to  each  other,  as  they  are  liable  to  variation  from 
the  circumstances  influencing  the  secretion.  Mr  Cruick- 
shank,  in  his  analysis  of  urine,  undertaken  in  the  course 
of  Dr  Rollo’s  investigation  of  the  nature  of  diabetes,  first 
gave  precise  information  on  this  point  *.  “ By  evapora- 

tion 36  oz.  yield  a residuum,  varying  from  one  ounce  to 
one  and  a half ; this  consists  of  muriates  of  potash  and  soda, 
phosphates  of  soda,  lime,  and  ammonia,  phosphoric  and 
lithic  acids,  with  animal  extractive  matter.  Their  relative 
proportions  in  a healthy  state  may  be  nearly  as  follow7 : 


oz. 

dr. 

gr- 

Muriatic  salts, 

0 

J 

0 

Phosphoric  salts, 

0 

3 

50 

Lithic  acid  and  phosphate  of  lime, 

with  excess  of  acid, 

0 

0 

25 

Animal  extractive  matter,  (uree), 

0 

3 

40 

Of  the  muriatic  salts,  the  muriate  of  potash  is  in  gene- 


* Kollo  on  Diabetes,  2(1  edit. 
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ral  the  most  prevalent,  and  is  distinguished  from  the  mu- 
riate of  soda  by  crystallizing  by  cooling,  and  affording 
super-tartrate  of  potash  on  the  addition  of  tartaric  acid. 
When  the  phosphate  of  ammonia  is  abundant,  the  saline 
mass  is  in  general  very  fusible.  The  phosphate  of  lime 
and  lithic  acid  are  generally  deposited  as  the  urine  cools. 
These  substances  may  be  easily  distinguished,  by  dissolv- 
ing them  in  twice  their  weight  of  nitrous  acid,  diluted  with 
a little  water,  and  evaporating  to  dryness  : the  dry  mass, 
when  hot,  will  assume  a beautiful  deep  rose  or  crimson 
colour,  when  the  lithic  acid  is  present,  but  will  continue 
white  if  heated  even  to  redness,  or  have  only  a slightly 
greenish  tinge  when  there  is  nothing  but  phosphate  ol  lime. 
Their  relative  proportions  may  be  ascertained  by  exposing 
the  mixed  mass  lor  some  time  to  a red  heat  in  a crucible  ; 
in  which  case,  the  lithic  acid  will  either  burn  out  or  eva- 
porate, leaving  the  phosphate  in  a pure  state. 

“ The  quantity  of  extractive  matter  is  more  variable  than 
that  of  any  other  substance  ; hysterical,  or  crude  urine  (as 
it  has  been  called),  containing  hardly  any,  while  that  of 
concoction  abounds  with  it.” 

If  the  entire  mass  of  urine  be  evaporated,  and  the  solid 
matter  be  urged  by  a strong  heat,  it  affords  very  foetid  car- 
bonate of  ammonia,  in  large  quantity,  with  a little  prus- 
siate  of  ammonia,  an  empyreumatic  oil,  gases  composed 
principally  of  carbon  and  hydrogen  : muriate  of  ammonia 
is  also  sublimed ; and  towards  the  end  of  the  process,  if 
the  heat  be  raised  high,  a small  quantity  of  phosphorus 
distils  over,  produced  by  the  decomposition  of  the  phos- 
phoric acid  in  the  phosphate  of  ammonia.  It  was  by  this 
method  that  phosphorus  was  procured  by  Kunckel  and 
Boyle.  The  coal  remaining  at  the  end  of  the  process  con- 
tains the  salts  which  have  not  been  decomposed, — muriate 
of  soda,  and  phosphates  of  soda  and  lime. 

One  peculiar  ingredient  has  been  stated  to  exist  in  urine 
by  Berzelius,  which  does  not  appear  to  be  combined  with 
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any  base, — siliceous  earth.  It  is  obtained  by  treating  eva- 
porated urine  with  alkohol,  then  with  water,  and  after- 
wards with  muriatic  acid ; the  silica  remains  in  the  state 
of  a grey  powder,  which  may  be  fused  with  soda.  As  a 
minute  portion  of  this  earth  exists  in  water  used  as  drink, 
its  presence  in  the  urine  probably  originates  in  this  source. 

The  action  of  re-agents  on  urine  is  instructive,  as  lead- 
ing to  a knowledge  of  the  principles  which  exist  in  it,  some 
of  which  could  not  otherwise  be  easily  recognised.  The 
principal  accurate  observations  on  the  effects  of  these  are 
those  of  Scheele,  Cruickshank,  Fourcroy,  and  Vauquelin. 

The  greater  number  of  the  acids  produce  little  sensible 
effect  upon  it  in  the  healthy  state.  The  oxalic  acid  gives 
a precipitate,  by  combining  with  the  lime  of  the  super- 
phosphate of  lime  which  recent  urine  contains.  If  it  con- 
tain benzoic  acid,  the  muriatic  acid  is  said  to  precipitate  it. 
If  it  be  much  loaded  with  uree,  nitric  acid  throws  down  a 
scaly  precipitate  of  a pearly  lustre.  And,  in  certain  mor- 
bid states,  as  in  dropsy,  the  acids  sometimes  occasion  a 
milkiness,  or  even  a coagulation  of  the  urine,  from  albumen 
beinu  contained  in  it. 

The  fixed  alkalis,  added  to  urine,  throw  down  a slight 
precipitate,  which  is  phosphate  of  lime.  About  2 grains, 
accord  in  or  to  Cruickshank,  arc  obtained  from  4 ounces  of 
urine.  The  watery  solutions  of  lime,  barytes,  and  stron- 
tites,  produce  more  copious  precipitates,  as  the  salts  they 
form  with  the  phosphoric  acid  are  insoluble.  The  fixed 
alkalis  and  lime  disengage  an  ammoniacal  odour,  by  de- 
composing the  ammoniacal  salts. 

The  nitrates  and  muriates  of  barytes,  strontites,  and 
lime,  form  precipitates,  by  decomposing  the  phosphates 
contained  in  urine.  Four  ounces  of  healthy  urine,  ac- 
cording to  Cruickshank,  yield  with  muriate  of  barytes  a 
precipitate  of  13  grains,  consisting  of  phosphate  of  barytes, 
produced  by  the  decomposition  of  the  phosphates  of  soda 
and  ammonia ; a precipitate  of  1 3 grains  indicates  a quan- 
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tity  of  these,  or  of  the  combination  of  them,  which  has 
been  named  Microcosmic  Salt,  equivalent  to  25  grains. 
The  precipitate,  however,  formed  by  muriate  of  barytes, 
is,  according  to  Berzelius,  partly  sulphate;  and  the  quan- 
tity of  sulphuric  acid  thus  detected,  he  even  finds  to  ex- 
ceed that  of  phosphoric  acid.  The  nitrates  of  silver,  quick- 
silver, and  lead,  occasion  a copious  precipitation,  the  pre- 
cipitate consisting  principally  of  phosphoric  acid,  but  part- 
ly also  of  muriatic  acid,  with  the  metallic  oxide.  If  nitrate 
or  acetate  of  lead  be  employed,  the  muriate  of  lead,  it  was 
remarked  by  Cruickshank,  may  be  dissolved,  by  boiling  in 
18  or  20  times  its  weight  of  water,  the  phosphate  of  lead 
remaining  undissolved,  and  thus,  by  weighing  the  original 
precipitate,  and  the  loss  it  sustains  in  this  operation,  the 
quantities  of  phosphoric  and  of  muriatic  acids  in  the  urine 
may  be  determined  : an  estimate,  however,  requiring  cor- 
rection, if  sulphuric  acid  be  also  present.  The  fiuate  of 
lime  may  be  discovered,  according  to  Berzelius,  by  heat- 
ing the  precipitate  from  urine  by  lime-water  with  sulphuric 
acid,  vapours  being  exhaled  which  corrode  glass  * ; or  by 
precipitating  the  urine  by  ammonia,  collecting  and  calcin- 
ing the  precipitate,  and  treating  it  in  like  manner  with 
sulphuric  acid  f. 

Infusion  of  tannin  produces  a precipitate  with  urine: 
this  has  been  supposed  to  be  from  its  combination  with  ge- 
latin : from  the  quantity  of  precipitate  it  has  been  estimat- 
ed, that  4 grains  of  gelatin  are  contained  in  4 ounces  of 
healthy  urine,  and  in  certain  morbid  affections,  especially 
where  the  digestive  organs  are  impaired  in  their  power, 
the  quantity  indicated  by  this  test  is  considerable.  Some 
chemists  have  supposed,  that  the  precipitate  tannin  occa- 
sions may  be  owing  to  albumen  ; and  Fourcroy  and  Vau- 
quelin  observed,  in  proof  of  the  presence  of  this  principle, 

* Philosophical  Magazine,  vol.  xxviii.  p.  307. 

+ F.ssay  on  Animal  Fluids. 


OF  URINE. 


545 


that  flakes  are  formed  in  urine  merely  by  heating  it ; but, 
with  regard  to  this,  there  is  some  obscurity,  for  no  coagu- 
lation is  produced  in  it  by  acids  or  by  alkohol,  which  there 
ought  to  be  did  it  contain  albumen. 

It  has  been  stated,  in  the  preceding  account  of  the  ana- 
lysis of  urine,  that  when  it  is  evaporated,  so  as  to  obtain 
the  greater  part  of  its  saline  ingredients  by  precipitation 
or  crystallization,  there  remains  a liquid  of  a dark  colour, 
having  the  more  evident  urinous  properties.  This  is  prin- 
cipally a solution  of  the  peculiar  animal  principle  contain- 
ed in  urine.  Obtained  by  evaporation,  in  intermixture 
with  the  saline  ingredients,  it  was  named,  by  the  older 
chemists,  Extract  of  Urine.  It  had  been  distinguished 
more  particularly  by  Rouelle,  and  considered  by  him  even 
as  a distinct  substance*.  His  observations,  however,  were 
neglected  by  chemists ; and  the  existence  of  this  principle 
may  be  said  to  have  been  re-discovered  by  Cruickshank  f. 
He  obtained  it  by  adding  to  the  extractive  matter  of  urine, 
an  equal  weight  of  concentrated  nitrous  acid,  diluted  with 
an  equal  quantity  of  water  ; a violent  effervescence,  accom- 
panied with  heat,  and  disengagement  of  nitrous  gas,  takes 
place;  when  this  has  ceased,  and  the  liquor  become  cold, 
a number  of  shining  scales,  or  crystals,  resembling'  the 
acid  of  borax,  are  deposited,  which,  when  well  dried  on 
blotting  paper,  will  be  found  to  weigh  from  5 to  7 drachms, 
from  an  ounce  of  the  extractive  matter,  the  proportion 
varying  according  to  the  quality  of  the  extract,  and  the 
method  of  conducting  the  process. 

“ The  figure  of  these  scales,”  it  is  stated  by  Cruick- 
shank, “ is  that  of  flat  rhomboids ; they  have  a smooth 
greasy  feel  when  pressed  between  the  fingers ; are  soluble 
in  much  greater  quantity  in  hot  than  cold  water,  and  also 
in  some  degree  in  alkohol ; although  repeatedly  washed 


* Journal  de  Medicine,  1775. 
t Rollo  on  Diabetes,  2d  edit. 
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with  this  fluid,  and  dried  on  blotting  paper,  they  still  re- 
tain acid  properties,  and  strongly  redden  the  syrup  of  vio- 
lets ; they  are  readily  taken  up  by  the  sulphuric  and  muria- 
tic acids  without  commotion  ; but,  with  the  nitrous  acid, 
they  produce  a kind  of  effervescence,  and  appear  to  be  in 
some  measure  decomposed ; they  combine  with  the  mild 
alkalis  with  effervescence,  and  form  very  soluble  neutral 
salts.  Their  solution  in  water  does  not  precipitate  lime- 
water,  nor  the  muriates  of  lime  or  barytes,  nor  the  nitrates 
of  silver  or  mercury,  nor  has  it  any  effect  upon  the  sul- 
phate of  iron  or  acetate  of  lead  ; when  thrown  upon  a red- 
hot  iron,  they  melt  and  evaporate  in  white  smoke,  leaving 
a small  quantity  of  a charry  residuum  ; when  exposed  to 
an  intense  heat,  they  burn  with  a reddish  flame,  and  a kind 
of  detonation  somewhat  similar  to  the  nitrate  of  ammonia. 
From  these  experiments,  it  wrould  appear,”  he  adds,  “that 
this  substance  is  an  animal  acid  hitherto  unknown,  and 
whose  basis  exists  in  this  extractive  matter.” 

Fourcroy  and  Vauquelin,  in  a dissertation  on  the  urine 
of  the  horse  *,  prior  to  the  publication  of  Cruickshank’s 
experiments,  had  observed,  that  if  to  the  liquor  remain- 
ing after  the  separation,  by  evaporation,  of  the  saline  sub- 
stances, and  of  the  benzoic  acid  by  muriatic  acid,  there  be 
added  nitric  acid,  a precipitation  ensues  of  slender  bril- 
liant crystals,  so  as  to  form  a concrete  white  mass,  which 
became  of  a brown  colour.  This  they  considered  as  a 
principle  before  unknown  : and,  in  a subsequent  memoir  f, 
they  gave  an  ample  detail  of  the  facts  they  had  discovered 
with  regard  to  it.  They  gave  it  the  name  of  Urce.  The 
following  is  the  method  by  which  they  obtained  it : 

Urine  is  evaporated  by  a gentle  heat,  to  the  consistence 
of  thick  syrup.  On  cooling,  it  forms  a confusedly  crys- 
tallized mass,  consisting  of  a mixture  of  its  salts  with  the 


* Mcmoires  de  l’Institut.  National,  tom.  ii.  p.  44.". 
t Ibid.  tom.  iv.  p.  402. 
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urinary  matter.  Alkohol  is  poured  on  this  mass,  to  the 
amount  of  four  times  its  weight,  in  successive  portions, 
heating  them  gently ; the  uree  is  dissolved,  leaving  undis- 
solved the  greater  part  of  the  saline  matter;  the  solution 
is  to  be  distilled  by  a gentle  heat  from  a sand-bath  ; the 
alkohol  passes  over,  impregnated  with  carbonate  of  am- 
monia, and  animal  matter.  The  distillation  is  continued 
until  the  liquor  is  of  the  consistence  of  syrup ; in  cooling, 
it  crystallizes,  affording  quadrangular  plates,  crossing  each 
other,  of  a brilliant  yellowish  colour.  Or  to  the  liquor  di- 
luted with  water,  nitric  acid  may  be  added  ; the  usual  scaly 
precipitate  is  formed  : the  nitric  acid  this  contains  is  satu- 
rated by  potash  ; the  matter  is  then  lixiviated  with  alko- 
hol, which  leaves  the  nitrate  of  potash  undissolved,  and  by 
evaporation  the  same  crystalline  matter  is  obtained.  This 
is  the  Uree.  It  exhales  a strong  urinous  odour : it  at- 
tracts humidity  from  the  air,  and  forms  a thick  brown  co- 
loured liquid  ; and  it  dissolves  rapidly  in  a small  quantity 
of  water,  producing,  during  its  solution,  a sensible  degree 
of  cold  : it  is  less  soluble  in  alkohol,  but  its  hot  saturated 
solution  in  this  fluid,  gives,  on  cooling,  crystals  more  readi- 
ly than  the  watery  solution.  Its  solution  in  water  is  of  a 
brown  colour  ; which,  by  dilution,  passes  through  the  dif- 
ferent shades  of  orange,  yellow,  and  lemon  colour,  so  as 
to  resemble  urine  in  the  various  states  in  which  it  occurs. 

From  the  detailed  account  which  Fourcroy  and  Vau- 
quelin  have  given  of  the  chemical  properties  of  uree,  I 
give  an  abridged  statement  of  the  principal  facts. 

Exposed  to  heat  in  a retort  it  melts  quickly,  and  a va- 
pour is  disengaged,  which  condenses  in  the  neck  into  a 
crystalline  deposite,  having  the  appearance  of  benzoic  acid. 
When  this  has  ceased,  carbonate  of  ammonia  sublimes ; 
and  the  sublimation  of  it  continues,  without  interruption, 
to  the  end  of  the  experiment ; it  is  brown  and  of  a very 
foetid  odour,  but  no  oil  is  condensed,  nor  any  watery  li- 
quor. The  matter  appears,  at  length,  in  a dry  state,  black, 
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and  covered  with  a white  crust;  this  sublimes,  and  is  mu- 
riate of  ammonia.  After  exposure  for  two  hours  longer  to 
the  fire,  the  carbonaceous  residuum  gives,  by  lixiviation,  a 
liquor  containing  prussic  acid : it  contains,  too,  muriate 
of  soda,  and  a little  muriate  of  ammonia.  In  burning  it 
in  an  open  fire,  it  disengages  an  ammoniacal  odour,  mix- 
ed with  that  of  prussic  acid.  There  remains  an  alkaline 
matter,  amounting  to  about  an  hundredth  part  of  the  uree, 
apparently  carbonate  of  soda.  The  benzoic  acid,  muriate 
of  ammonia,  and  muriate  of  soda,  obtained  in  this  decom- 
position, these  chemists  considered  as  foreign  to  the  uree  ; 
from  the  other  products,  it  follows,  that  it  is  a compound 
of  nitrogen,  hydrogen,  carbon,  and  oxygen  ; and  the  large 
quantity  of  ammonia  which  the  analysis  affords,  proves 
that  nitrogen  is  present  in  large  proportion. 

So  susceptible  is  this  principle  of  decomposition,  and  so 
liable  are  its  principles  to  pass  into  those  combinations 
which  form  ammonia  and  carbonic  acid,  that,  by  mere  dis- 
tillation with  water,  it  is  almost  entirely  converted  into 
carbonate  of  ammonia.  After  three  distillations  Fourcroy 
and  Vauquelin  found,  that  the  uree  had  afforded  more  than 
half  its  weight  of  carbonate  of  ammonia,  and  yet  its  power 
of  yielding  this  product  was  not  exhausted  ; for  although, 
when  diluted  with  a fresh  quantity  of  water,  it  gave  indi- 
cations of  the  predominance  of  acetic  acid,  it  lost  this  aci- 
dity in  four  or  five  days  exposure  to  a temperature  of  77e* 
and  again  gave  an  ammoniacal  water  by  evaporation. 

When  left  to  itself  in  solution  in  water  at  a natural  tem- 
perature, it  passes  into  the  acetous  fermentation.  The  li- 
quor, in  a vessel  imperfectly  closed,  becomes  turbid,  and 
aerial  matter  is  disengaged,  which  extinguishes  combus- 
tion ; and,  according  to  Gay  Lussac,  this  is  accompanied 
by  an  absorption  of  oxygen  from  the  air : it  acquires  a 
sharp  acidulous  but  foetid  odour.  After  this  fermentation 
has  ceased,  if  it  be  subjected  to  distillation,  with  the  ad- 
dition of  sulphuric  acid,  acetic  and  benzoic  acids  are  pro- 
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cured : the  residuum  contains  sulphate  of  ammonia,  and 
gives  a precipitate  of  charcoal. 

Uree,  subjected  to  the  action  of  acids,  presents  results 
different  from  those  exhibited  by  any  other  animal  prin- 
ciples, and  which  throw  light  on  its  composition. 

Its  solution  in  water,  mixed  with  a fourth  of  its  weight 
of  sulphuric  acid  diluted,  gives  no  effervescence..  The  mix- 
ture, heated  until  it  boils  gently,  becomes  covered  with  a 
layer  of  oily  matter  ; a liquid  is  condensed  of  a yellow  co- 
lour, and  which  is  acid,  from  the  presence  of  acetic  and 
benzoic  acids. 

Nitric  acid  exerts  on  it  a very  peculiar  action,  altogether 
different  from  what  would  be  expected  from  the  known  a- 
gency  of  this  acid.  Ure'e  is  extremely  susceptible  of  de- 
composition ; and  nitric  acid  is,  of  any  agent,  that  which 
acts  with  most  energy  in  decomposing  vegetable  or  animal 
substances;  yet  the  ure'e  is  not  decomposed  by  it,  but 
seems  to  enter  into  combination  with  it.  Cruickshank 
observed  the  precipitation  of  shining  scales  when  nitric  acid 
is  added  to  urine  concentrated  by  evaporation  ; and  Four- 
croy  and  Vauquelin  found,  that  the  same  appearance  is 
produced  more  distinctly  with  pure  uree.  When  nitric 
acid  is  added  to  a solution  of  it  in  water,  there  is  an  in- 
stant deposition  of  crystalline  plates,  white,  brilliant,  and 
pearly,  which  augments  so  rapidly,  that  the  whole  mixture 
appears  to  be  converted  into  this  matter,  d his  substance, 
heated  gently,  softens  and  melts  like  oil,  an  effervescence 
takes  place,  and  it  is  in  part  converted  into  nitrate  of  am- 
monia. They  regard  it  as  a compound  of  uree  and  nitric 
acid. 

When  the  nitric  acid  is  concentrated,  and  surcharged 
with  nitric  oxide,  and  when  the  uree  is  concrete,  the  mu- 
tual action  is  attended  with  effervescence  ; nitric  oxide,  ni- 
trogen, and  carbonic  acid  gases,  are  disengaged,  and  there 
remains  a yellowish  concrete  matter,  with  a few  drops  of 
a red  liquid  : if  this  residuum  is  heated,  it  detonates  and 
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inflames  in  the  same  manner  as  nitrate  of  ammonia.  In 
this  rapid  action,  the  uree  is  decomposed.  If  the  acid  be 
diluted,  and  heat  applied,  it  suffers  decomposition  more 
slowly  ; nitrogen,  caibonic  acid,  and  nitric  oxide  gases,  are  * 
disengaged  ; and  at  length  an  elastic  fluid  similar  to  at- 
mospheric air,  having  a sharp  odour  of  prussic  acid. 
When  the  heat  is  continued  gently  for  a day  or  two,  the 
matter  at  last  becomes  thick,  and  furnishing  scarcely  any 
considerable  vapour,  takes  fire,  with  a violent  explosion  : 
there  remains  an  oily  carbonaceous  matter,  which  gives  to 
water  an  odour  of  prussic  acid  and  ammonia,  as  well  as  the 
property  of  precipitating  the  solutions  of  iron  blue.  There 
is  in  this  decomposition  scarcely  any  production  of  that  fat 
matter,  of  the  bitter  principle,  or  of  the  oxalic  or  saccho- 
lactic  acid,  which  are  generally  the  products  of  the  action 
of  nitric  acid  on  animal  matter;  the  whole  consists  in  the 
disengagement  of  nitrogen,  and  the  formation  of  carbonic 
acid,  prussic  acid,  and  ammonia, — a result  which,  as  Four- 
croy  and  Vauquelin  observe,  shews  the  predominance  of 
nitrogen  in  the  composition  of  uree ; that,  next  to  it,  car- 
bon is  contained  in  largest  quantity,  and  that  the  propor- 
tion of  hydrogen  is  comparatively  small. 

Muriatic  acid  produces  on  this  principle  scarcely  any 
effect,  precipitating  it  only  from  its  solution  in  alkohol  in 
brown  flocculi.  Oxymuriatic  gas  transmitted  through  its 
solution  is  absorbed,  the  liquor  becomes  brown,  flocculi  of 
the  same  colour  appear,  which  soon  become  yellow,  and 
adhere  to  the  sides  of  the  vessel  like  a concrete  oil. 

Uree  is  soluble  in  alkaline  solutions,  but  is  also  partially 
decomposed.  When  triturated  with  a solution  of  potash, 
an  ammoniacal  odour  is  exhaled.  When  the  concrete 
uree  is  triturated  with  dry  potash,  an  energetic  action  is 
manifested;  the  temperature  rises;  there  is  disengaged  a 
much  larger  quantity  of  ammonia,  and  an  oily-like  matter 
appears  on  the  surface.  When  heat  is  applied,  the  de- 
composition is  rapid ; pure  ammonia,  and  carbonate  of 
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ammonia,  are  disengaged ; the  potash  receives  carbonic  a- 
cid  : a llocculent  precipitate  is  deposited,  having  the  pro- 
perties of  a concrete  oil : and  the  liquor  submitted  to  dis- 
tillation, affords  acetic  and  benzoic  acids. 

Uree  has  a singular  effect  on  some  of  the  neutral  salts, 
— that  of  changing  the  form  of  their  crystals.  Muriate  of 
soda  crystallizes  from  urine,  not  in  its  usual  form  of  cubes, 
but  in  octaedrons : and  muriate  of  ammonia  not  in  prisms, 
but  in  cubes.  Fourcroy  and  Vauquelin  found,  that  this 
depends  on  the  action  of  the  uree ; since  it  equally  hap- 
pens when  the  salts  are  dissolved  with  pure  crystallized 
uree  in  water;  and  the  crystals,  when  freed  from  the  uiee 
by  exposure  to  a red  heat,  crystallize  in  their  usual  form. 

Tannin  changes  a little  the  colour  of  a solution  of  uree, 

o t 

but  does  not  precipitate  it ; a character  by  which  this  prin- 
ciple is  well  distinguished  from  the  albuminous  or  gelati- 
nous matter  so  frequently  associated  with  it. 

Dr  Prout,  in  a late  investigation  of  the  principles  of 
urine  *,  has  procured  uree  in  what  he  considers  as  a state 
of  purity,  and  has  given  a concise  statement  of  its  proper- 
ties, which  are  in  some  respects  different  from  those  de- 
livered by  the  French  chemists.  The  following  is  his  pro- 
cess to  obtain  it : “ Fresh  urine  is  to  be  evaporated  to  the 
consistence  of  a syrup,  and  to  this,  when  quite  cold,  puie 
concentrated  nitric  acid  is  to  be  added  by  degrees,  till  the 
whole  becomes  a dark  coloured  crystallized  mass,  which 
is  to  be  slightly  washed  with  cold  water,  and  suffeied  to 
drain.  To  this  mass  is  to  be  slowly  added  a pretty  strong 
solution  of  the  sub-carbonate  of  potash  or  soda,  till  the 
whole  becomes  neutral,  and  the  solution  thus  formed  is  to 
be  carefully  concentrated  by  evaporation  and  set  aside,  in 
order  that  the  nitre  formed  may  crystallize,  and  thus  be 
separated.  To  the  impure  solution  of  uree  left,  animal 
charcoal  is  to  be  added  in  such  quantity  as  to  absorb  the 


* Medico-Chirurgical  Transactions,  vol.  viii.  p.  526. 


662 


OF  UIIEE. 


whole  fluid,  and  form  a thin  paste,  which  may  be  suffered 
to  lie  for  a few  hours.  Cold  water  is  to  be  added  to  this 
paste,  which  separates  the  uree,  and  the  colourless  solu- 
tion thus  obtained  is  to  be  slowly  evaporated  to  dryness  at 
a low  temperature.  The  resulting  mass  is  then  to  be  boil- 
ed in  strong  alkohol,  which  takes  up  the  uree,  and  leaves 
the  remainder  of  the  nitre,  and  most  of  the  other  saline 
substances  behind  ; and  from  this  state  of  solution  in  al- 
kohol, the  uree  may  be  readily  obtained  crystallized  and 
pure,  though  it  is  generally  necessary  to  repeat  the  pro- 
cess of  crystallization  from  the  alkohol  two  or  three  times.” 
Uree  obtained  by  this  process  most  frequently  assumes 
the  form  of  a four-sided  prism.  Its  crystals  are  transpa- 
rent and  colourless,  and  have  a slight  pearly  lustre.  It 
leaves  a sensation  of  coldness  on  the  tongue  like  nitre.  Its 
smell  is  faint  and  peculiar,  but  not  urinous.  It  does  not 
affect  litmus  or  turmeric  paper.  It  undergoes  no  appa- 
rent change, on  exposure  to  the  air,  except  in  very  damp 
weather,  when  it  slightly  deliquesces,  but  does  not  seem  to 
be  decomposed.  Exposed  to  a strong  heat,  it  melts,  and 
is  partly  decomposed,  and  partly  sublimes  apparently  un- 
altered. The  specific  gravity  of  its  crystals  is  about  1.350. 
Water  at  60  dissolves  more  than  its  own  weight  of  uree, 
and  the  solution  exposed  to  the  air  for  several  months,  un- 
derwent no  change.  Boiling  water  dissolves  any  quantity 
of  it  whatever,  and  the  uree  does  not  appear  to  suffer  any 
change  at  this  degree  of  temperature.  Alkohol,  (sp.  gr. 
816),  at  a mean  temperature,  dissolves  about  20  per  cent ., 
and  at  a boiling  temperature,  more  than  its  own  weight ; 
and  the  uree  separates  on  cooling  in  its  crystalline  form. 
It  is  very  sparingly,  if  at  all,  soluble  in  sulphuric  ether,  or 
the  essential  oil  of  turpentine,  though  these  fluids  are  ren- 
dered opaque  by  it.  The  pure  fixed  alkalis  and  alkaline 
earths  decompose  it,  especially  when  heat  is  applied,  and 
water  present,  the  result  is  chiefly  carbonate  of  ammonia. 
It  unites  with  most  of  the  metallic  oxides ; the  combination 
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with  the  oxide  of  silver  is  greyish,  and  detonates  on  being 
heated,  and  the  oxide  is  reduced.  It  does  not  seem,  how- 
ever, to  be  alone  capable  of  decomposing  any  metallic  salt ; 
but  in  order  to  effect  the  union,  the  aid  of  double  affinity 
is  necessary.  It  combines  with  nitric  acid,  and  forms  a 
crystallizing  compound,  but  sparingly  soluble  in  water,  and 
which  has  been  long  known  to  chemists.  It  forms  also  a 
similar  compound  with  oxalic  acid.  In  neither  of  these 
compounds  are  the  acids  neutralized. 

Fourcroy  and  Vauquelin,  from  the  products  of  the  de- 
composition of  uree  by  heat,  (page  547.)  had  inferred,  that 
100  parts  of  it  are  composed  of  nitrogen  32.5,  carbon  14.7, 
oxygen  39.5,  and  hydrogen  13.3.  From  the  period  at 
which  this  analysis  was  executed,  not  much  reliance  could 
be  placed  on  it.  Dr  Prout  submitted  uree  to  analysis  by  the 
method  suggested  by  Gay  Lussac,  as  applicable  to  animal 
substances,  that  of  heating  with  oxide  of  copper.  His  re- 
sults give  as  the  composition,  nitrogen  46.66,  carbon  19.99, 
oxygen  26.66,  hydrogen  6.66, — which,  reducing  these  pro- 
portions to  the  standard  of  oxygen,  as  10,  give  1 equiva- 
lent or  combining  quantity  of  nitrogen,  1 of  carbon,  1 of 
oxygen,  and  2 of  hydrogen.  Berard  by  the  same  mode  of 
analysis  has  given  as  the  proportions,  nitrogen  43.4,  car- 
bon 19.4,  oxygen  26.4,  hydrogen  10.8  *.  Both  agree  in 
assigning  a larger  proportion  of  nitrogen  to  uree,  than  to 
any  other  animal  principle. 

As  the  precipitation  of  uree  by  nitric  acid  affords  the 
most  delicate  and  accurate  mode  of  discovering  this  prin- 
ciple, Dr  Prout  has  added  the  analysis  of  the  compound 
which  forms  this  precipitate,  nitrate  of  uree,  as  he  names 
it.  It  consists  of  52.63  of  uree,  and  47.37  of  nitric  acid, 
2 equivalent  weights  of  the  former,  and  1 of  the  latter. 

This  principle  being  so  uniformly  secreted  in  consider- 
able quantity,  and  discharged  from  the  system,  must  be 
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subservient  to  some  important  purpose  in  the  animal  eco- 
nomy. Fourcroy  and  Vauquelin  supposed,  that  it  is  de- 
signed to  convey  redundant  nitrogen  from  the  system,  as 
the  secretion  of  the  bile  discharges  superfluous  hydrogen, 
and  the  changes  in  the  lungs,  by  respiration,  perforin  the 
same  office  with  regard  to  carbon.  The  difficulty,  how- 
ever, hitherto  has  been,  rather  to  account  for  the  origin  of 
the  nitrogen  in  the  system  of  animals,  than  to  provide  for 
its  discharge.  Yet  it  is  no  doubt  true,  that  nitrogen  being 
contained  in  so  large  a proportion  in  uree,  is  proved  to  be 
uniformly  discharged  in  considerable  quantity ; and  this 
adds  some  force  to  the  hypothesis,  that  by  the  scries  of 
chemical  actions  connected  with  animalization,  it  is  form- 
ed or  evolved,  and  that,  in  a system  therefore  liable  to  va- 
riations, we  may  look  for  a function  by  which  its  accumu- 
lation will  be  prevented.  Berzelius,  however,  gives  a dif- 
ferent view  of  the  subject.  The  elements  of  the  blood  are 
in  part  acidified  in  the  kidneys;  hence  the  redundance  of 
saline  matter,  and  in  consequence  of  this,  the  other  ele- 
v inents  form  the  combination  constituting  uree,  in  which 
nitrogen  is  abqndant,  as  it  is  not  contained  in  any  of  the 
acids  of  the  urine. 

The  tendency  of  this  principle  to  pass  to  the  state  of 
ammonia,  is  probably  frequently  the  cause  of  morbid 
changes  to  which  the  urine  is  liable ; it  may  even  some- 
times contribute  to  the  formation  of  urinary  concretions ; 
for  if  the  excess  of  acid  in  the  urine  be  saturated  by  the 
production  of  this  alkali,  the  albuminous  matter  which  the 
acid  held  in  solution  will  be  separated  ; and  if  a partial  de- 
position of  phosphate  of  lime  or  magnesia,  or  of  uric  acid, 
take  place,  as  may  happen  from  the  same  cause,  the  nu- 
cleus of  a calculus  may  be  formed.  The  cementing  ingre- 
dient in  many  of  these  calculi  appears  to  be  albuminous 
matter,  which  is  separated  from  urine  whenever  its  acidity 
is  neutralized  ; and  the  formation  of  such  calculi  may  de- 
pend on  some  operation  of  this  kind.  The  vitiated  secre- 
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lion  of  uree,  it  is  immediately  to  be  stated,  there  is  reason 
to  believe,  gives  rise  to  the  production  ot  diabetic  sugai. 

The  predominance  of  nitrogen  in  the  composition  oi 
uree,  it  is  remarked  by  Fourcroy  and  Vauquelin,  explains 
the  m’eat  advantage  derived  from  the  intermixture  oi  urine 

O O ^ 

in  the  materials  of  nitre  beds,  in  the  production  oi  nitre. 
And  the  production  of  ammonia,  from  the  distillation  of 
urine,  a process  carried  on,  in  the  large  way,  in  the  ma- 
nufacture of  muriate  oi  ammonia,  depends  more  on  the 
decomposition  of  the  uree,  than  on  that  oi  the  ammonia- 
cal  salts  which  it  contains. 

There  remains  to  be  given,  the  chemical  history  of  an- 
other substance  contained  in  urine,  and  nearly  peculiar  to 
it,  Uric  Acid.  The  discovery  of  it  we  owe  to  Scheele.  In 
analysing  urinary  calculi,  he  found  them  to  consist  princi- 
pally of  a substance  sparingly  soluble  in  water,  but  which,  by 
boiling  it.  in  a large  quantity  of  water,  might  be  dissolved  ; 
it  afforded  a solution  which  reddened  the  more  delicate 
vegetable  colours,  and  from  which,  on  cooling,  the  greater 
part  separated  in  minute  crystals.  This  he  regarded  as  a 
peculiar  acid  ; and  he  added  the  observation,  that  it  is  con- 
tained in  urine,  and  frequently  in  considerable  quantity,  so 
as  to  be  deposited  as  the  urine  cools  *.  Bergman  had, 
about  the  same  time,  in  analysing  urinary  calculi,  observ- 
ed this  acid.  It  was  made  the  subject  of  experiment  by 
Dr  Pearson  f ; several  of  its  properties  were  pointed  out 
by  Fourcroy  and  Vauquelin  : and  Dr  Henry  has  added  to 
our  knowledge  ot  it  in  a dissertation  j;,  from  which  I take 
principally  the  following  facts.  From  being  considered  as 
the  basis  of  urinary  calculus  or  stone  ot  the  bladder,  it  re- 
ceived the  name  of  Lithic  Acid ; a name  improper,  as  it  is 
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not  confined  to  these  concretions,  but  is  also  contained  in 
urine,  while  there  are  urinary  concretions,  in  which  no 
sensible  quantity  of  it  can  be  detected.  As  it  is  the  acid 
peculiar  to  urine,  the  term  Uric,  which  Dr  Pearson  sug- 
gested, is  preferable. 

There  is  a difficulty  in  procuring  this  acid  pure ; for  as 
deposited  from  the  urine,  or  as  contained  in  urinary  con- 
cretions, it  is  in  a state  of  combination  or  mixture.  The 
process  given  by  Henry  is,  to  dissolve  a calculus,  of  that 
kind  which  consists  chiefly  of  this  acid,  in  a solution  of  pure 
potash.  Muriatic  or  acetic  acid  is  added  to  the  solution, 
so  as  to  be  in  excess ; a white  precipitate  is  thrown  down, 
which  is  to  be  washed  with  tepid  distilled  water;  and,  more 
Completely  to  remove  any  foreign  acid,  a few  drops  of  wa- 
ter of  ammonia  are  added  to  the  water,  with  which  it  is 
first  washed. 

Uric  acid  obtained  by  this  process,  is  in  the  form  of  a 
white  powder,  which  yields  easily  to  the  pressure  of  the 
finger.  It  is  altogether  tasteless.  It  dissolves  in  1150  times 
its  weight  of  water  at  212°,  or  in  1720  times  at  60°.  The 
solution,  iri  hot  water,  deposites  on  cooling  minute  pellu- 
cid crystals.  The  infusion  of  litmus  is  reddened  by  this 
solution.  Soap  is  decomposed  by  it,  when  it  is  digested 
with  the  acid  in  powder  and  as  much  water  as  is  required 
to  dissolve  it ; the  oil  is  separated,  and  a milky  like  liquor 
produced.  It  decomposes  the  alkaline  sulphurets,  pre- 
cipitating the  sulphur ; and  it  combines  with  the  alkalis, 
earths,  and  metallic  oxides,  the  alkaline  properties  being 
neutralized  in  the  combination.  These  properties  are  suf- 
ficient to  class  it  among  the  acids.  Dr  Pearson  had  in- 
ferred from  his  experiments,  that  it  does  not  redden  the 
vegetable  colours,  nor  decompose  soap  : Observing  farther, 
that  it  is  tasteless,  scarcely  soluble  in  cold  water,  not  ca- 
pable of  uniting  with  the  alkali  of  carbonate  of  soda,  pot- 
ash, or  ammonia,  nor  with  the  lime  of  lime-water,  nor  with 
oxide  of  mercury ; and  that  its  combination  with  caustic 
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soda,  resembles  soap  more  than  any  compound  salt  known 
to  consist  of  an  acid  and  alkali,  lie  inferred,  that  it  ought 
rather  to  be  regarded  as  an  oxide  than  an  acid  But  it 
obviously  falls  under  the  definition  ot  an  acid,  though  its 
acid  powers  are  no  doubt  extremely  weak.  It  is  incapable 
of  disengaging  carbonic  acid  from  the  alkaline  carbonates, 
nor  is  it  dissolved  by  them  : it  acts  with  no  energy  on  the 
metals,  nor  does  it  precipitate  any  earthy  or  metallic  salt. 

The  combination  of  uric  acid  with  the  alkalis  and  alka- 
line earths  are  formed,  by  digesting  them  in  hot  water  with 
a quantity  of  acid,  more  than  sufficient  tor  saturation,  strain- 
ing the  solution,  and  evaporating  it  as  far  as  may  be  ne- 
cessary with  a gentle  heat.  Dr  Henry  gives  the  following 
enumeration  of  the  general  properties  of  these  urates.  They 
are  tasteless,  and,  in  external  appearance,  can  scarcely  be 
distinguished  from  the  acid  itself.  Exposed  to  the  air,  they 
undergo  no  change,  neither  losing  nor  attracting  water. 
They  are  sparingly  soluble  in  water.  Urate  of  ammonia 
is  the  most  soluble,  and  of  it  an  ounce  of  water  at  60  dis- 
solves only  2 or  3 grains.  The  others,  with  regard  to  so- 
lubility, stand  in  the  following  order : urate  of  potash,  ol 
soda,  of  lime,  of  strontites,  of  magnesia,  ot  alumina,  and  ol 
barytes.  If  to  the  solution  of  any  urate,  any  acid,  the  car- 
bonic and  prussic  excepted,  be  added,  the  uric  acid  is  pre- 
cipitated in  a white  powder.  The  alkaline  mates  aie  also 
precipitated  when  the  solution  of  any  of  them  is  mixed  with 
the  solution  of  any  of  the  earthy  muriates,  nitrates,  oi  ace- 
tates. The  solutions  of  the  urates  cause  precipitations  in 
the  solutions  of  the  metallic  salts,  those  of  gold  excepted, 
the  precipitate  consisting  of  the  metallic  oxide  in  combina- 
tion with  the  uric  acid.  The  urate  of  iron  prepared  in  this 
way  is  of  a reddish  colour ; that  of  copper  a yellowish 
green  ; all  the  others  are  pale. 

These  salts  are  more  soluble  with  an  excess  of  base  : 
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hence,  when  boiled  with  such  an  excess,  they  are  dissolved 
in  considerable  quantity.  The  solutions  of  these  sub-urates 
are  precipitated  by  the  acids ; if  a weak  acid  is  employed 
in  the  experiment,  as  the  prussic  or  carbonic,  or  if  a small 
quantity  of  a stronger  acid  be  added,  the  precipitate  con- 
sists of  the  neutral  urate;  and  the  pure  uric  acid  is  not 
thrown  down  unless  by  a strong  acid  in  large  quantity. 

Berard  has  inferred  from  the  composition  of  the  urates, 
that  the  acid  is  in  a quantity  which  contains  four  times 
more  oxygen  than  the  base.  Urate  of  barytes  he  finds  to 
be  composed  of  61.64<  of  acid,  and  38.86  of  base  : urate  of 
potash  of  70.11  of  acid,  and  29.89  of  base. 

Uric  acid  is  decomposed  by  the  more  powerful  mineral 
acids.  Sulphuric  acid  heated  on  uric  acid  decomposes 
it:  sulphurous  acid  is  evolved,  and  there  is  a charred  re- 
siduum. Muriatic  acid  has  little  effect  upon  it.  Oxy- 
muriatic  gas  decomposes  it,  and  causes  the  formation  of 
ammonia  and  of  carbonic,  malic,  and  oxalic  acids.  Ni- 
tric acid  presents  with  it  a singular  result,  which  affords 
the  character  by  which  it  can  be  most  easily  distinguished, 
that  of  giving  a pink  colour  with  it  when  heated.  Scheele 
observed,  that  calculi  composed  of  it,  dissolved  in  nitric 
acid,  formed  a liquor  which  stained  the  skin  of  a red  co- 
lour ; and  this  solution,  if  neutral,  assumed  by  evaporation 
a blood  red  colour.  The  same  fact  was  observed  by  Berg- 
man ; he  found  the  red  colour  to  be  assumed  whenever  the 
liquor  was  evaporated  so  far  as  to  contain  little  nitric  acid: 
it  is  communicated  to  water,  but  is  destroyed  by  the  acids, 
and  by  the  alkalis  *.  This  red  or  purple  coloured  matter, 
it  is  immediately  to  be  stated,  is,  according  to  Dr  Prout’s 
experiments,  a compound  of  a new  acid  with  ammonia.  By 
repeatedly  distilling  nitric  acid  from  uric  acid,  the  latter  is  * 
entirely  decomposed  ; nitric  oxide  gas  is  disengaged,  and 
a portion  of  oxalic  acid,  according  to  Fourcroy,  is  formed. 
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Dr  Pearson  found,  that  carbonic  acid  gas,  with  nitrogen 
gas,  were  disengaged  during  the  ebullition,  a strong  smell 
of  prussic  acid  arose,  and  the  residual  fluid  deposited  crys- 
tals, which  were  nitrate  of  ammonia;  the  nitric  acid,  there- 
fore, had,  by  parting  with  oxygen  to  the  carbon  of  the 
uric  acid,  formed  carbonic  acid ; and  the  hydrogen  and 
nitrogen  of  the  acid  had  formed  ammonia,  with  which  the 
redundant  nitric  acid  had  united  *. 

Uric  acid  is  decomposed  by  heat : the  products  of  the 
decomposition  are  water,  carbonate  of  ammonia,  carbonic 
acid,  and  carburetted  hydrogen  gases,  prussic  acid,  and  a 
matter  which  sublimes  and  condenses  in  a concrete  form. 
The  proportion  of  water  is  small ; very  little  oil  is  form- 
ed ; the  proportion  of  prussic  acid  appears,  from  Austin’s 
experiments,  to  be  considerable!;  and  there  remains  a 
considerable  quantity  of  charcoal,  which,  when  burnt,  af- 
fords little  saline  matter.  Prom  these  pi’oducts,  and  from 
those  afforded  by  its  decomposition  by  the  acids,  uric  acid 
may  be  inferred  to  be  a compound  of  carbon,  hydrogen, 
nitrogen,  and  a small  proportion  of  oxygen.  Gay  Lussac 
finds,  that  when  it  is  decomposed  by  heating  it  with  oxide 
of  copper,  the  products  are  carbonic  acid  and  nitrogen,  in 
proportions  which  may  be  inferred  to  be  two  volumes  of 
the  former,  and  one  volume  of  the  latter.  It  consists,  there- 
fore, according  to  his  view  of  the  constitution  of  carbonic 
acid,  of  two  volumes  of  carbon  and  one  volume  of  nitro- 
gen. This  is  the  precise  composition  of  cyanogen,  the 
compound  radical  of  prussic  acid.  In  prussic  acid,  this 
radical  appears  to  be  acidified  by  a volume  of  hydrogen  ; 
and  in  uric  acid  it  is  probably  acidified  by  a volume  of 
oxygen  f.  Berard  and  Dr  Prout  have  since  executed  its 
analysis  in  the  same  mode.  The  proportions  of  its  ele- 


* Philosophical  Transactions,  179S,  p.  50. 
t Treatise  on  Stone  in  the  Bladder,  p.  104. 
1 Annalcs  de  Chimie,  tom.  xcvi.  p.  55» 


560 


OF  URIC  ACin. 


merits  assigned  by  the  former  are,  nitrogen  39.16,  carbon 
33.61,  oxygen  18.89,  hydrogen  8.34, — those  by  the  latter 
are,  nitrogen  40.00,  carbon  34.286,  oxygen  22.857,  hy- 
drogen 2.857.  The  discordance  between  these  in  the  quan- 
tities of  oxygen  and  hydrogen,  is  probably  to  be  ascribed 
to  the  presence  or  the  abstraction  of  water.  According 
to  Dr  Prout’s  analysis,  the  composition  is  1 equivalent,  or 
combining  weight  of  nitrogen,  2 of  carbon,  1 of  oxygen, 
and  1 of  hydrogen. 

The  sublimed  matter  from  the  decomposition  of  uric 
acid  has  attracted  the  attention  of  chemists,  since  it  was 
observed  by  Scheele.  Though  at  first  brownish,  it  becomes 
white  by  a new  sublimation  : it  has  no  smell,  has  a sourish 
taste,  and  is  easily  soluble  in  boiling  water;  it  is  also  so- 
luble, though  sparingly,  in  alkohol : its  solution  does  not 
precipitate  lime-water.  From  these  properties  it  seemed 
to  Scheele  to  agree  with  succinic  acid,  while  he  appears  to 
have  also  supposed,  that  it  enters  into  the  composition  of 
the  calculus.  Hence,  some  chemists  regarded  this  subli- 
mate as  the  pure  lithic  acid.  It  is  obviously  different  from 
the  uric  acid,  which  is  obtained  from  calculi  by  solution 
in  an  alkali  and  precipitation  by  an  acid  ; particularly  in 
its  sour  taste,  its  greater  solubility  in  water,  and  its  beintr 
capable  of  being  volatilized  without  decomposition.  Neither 
is  it  acted  on  in  the  same  manner  by  acids,  and,  in  parti- 
cular, it  does  not  give  a red  colour  with  nitric  acid.  Dr 
Austin  found,  that  if  decomposed  by  heat,  it  affords  am- 
monia, prussic  acid,  and  nitrogen  gas  : a portion  also  sub- 
limed, which,  when  again  submitted  to  the  same  experi- 
ment, gave  the  same  products,  and  this  apparently  with- 
out limitation,  until  its  decomposition  was  complete  *.  Dr 
Pearson  found  that  it  reddened  litmus,  though  its  taste,  in- 
stead of  being  sour,  was  only  sharp  and  bitter : its  solu- 
tion in  boiling  water,  gave  by  evaporation  a deposite  of 


* Treatise  on  Stone  in  the  Bladder,  p.  115* 
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white  spiculse  : it  was  not  soluble  by  boiling  in  muriatic  or 
nitric  acid,  and  with  the  latter,  it  left  no  red  coloured  mat- 
ter, on  the  acid  being  evaporated  from  it.  Sulphuric  acid 
dissolved  it,  with  the  assistance  of  heat ; it  was  also  dis- 
solved by  boiling,  by  a solution  of  carbonate  of  soda,  as 
well  as  by  pure  soda  *.  From  its  properties,  Dr  Pearson 
observes,  that  it  appears  to  be  analogous  to  benzoic  acid ; 
but  the  analogy  is  evidently  very  imperfect.  Some  farther 
observations  have  been  made  on  it  by  Dr  Henry,  which  agree 
with  the  preceding  facts.  He  also  found,  that  its  solution 
by  the  alkalis  is  not  precipitated  by  acids.  It  is  soluble  in 
cold  as  well  as  in  warm  water,  and  though  its  saturated 
solution  reddens  infusion  of  litmus,  its  acid  power  is  so 
weak,  that  a drop  or  two  of  ammonia  prevents  this;  nor 
does  it  effervesce  with  the  alkaline  carbonates.  Its  solution 
does  not  cause  any  precipitation  from  the  earthy  salts,  as 
the  solutions  of  the  urates  do ; neither  does  it  decompose 
the  suits  of  copper,  iron,  gold,  platina,  or  tin  : from  the 
nitrates  of  silver  and  of  quicksilver,  and  from  the  acetate 
of  lead,  it  throws  down  white  precipitates.  These  results 
prove,  that  the  acid  existing  in  this  sublimate  is  neither 
uric,  succinic,  nor  benzoic  acid  ; and  it  appears  to  be  diffe- 
rent from  any  known  acid.  It  is  contained  in  the  sublimed 
matter  combined  with  ammonia:  from  the  products  of  its 
decomposition,  it  appears  to  be  composed  of  the  same  ele- 
ments as  uric  acid  ; and  is  probably  formed  from  new  com- 
binations of  these  elements  in  the  process  by  which  it  is 
obtained. 

The  action  of  nitric  acid  on  uric  acid  has  always  at- 
tracted the  attention  of  chemists,  from  the  peculiarity  of 
the  product  afforded  by  it, — the  substance  of  a deep  car- 
mine colour,  the  production  of  which  is  the  most  charac- 
teristic test  of  the  acid.  Dr  Prout  has  very  lately  dis- 
covered, that  this  substance  is  a compound  of  a new  acid 


* Philosophical  Transactions,  1798,  p.  31. 
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formed  in  the  process,  with  ammonia.  I add  the  abstract 
which  has  been  given  of  his  experiments,  read  before  the 
Royal  Society  of  London. 

This  acid  principle  may  be  formed,  not  only  from  the 
action  of  nitric  acid,  but  also  that  of  chlorine  and  iodine 
on  uric  acid.  As  it  possesses  the  remarkable  property  oi 
forming  beautiful  purple  compounds  with  the  alkalis  and 
alkaline  earths,  the  name  of  Purpuric  Acid  has  been  given 
to  it. 

Purpuric  acid  may  be  separated  irom  the  purpuret  ol  am- 
monia above  mentioned,  by  the  sulphuric  or  muriatic  acids. 

It  usually  exists  in  the  form  of  a light  yellow  or  cream-co- 
loured powder.  It  is  exceedingly  insoluble  in  water,  and 
consequently  possesses  no  taste,  nor  affects  litmus  papei, 
though  it  readily  decomposes  the  alkaline  carbonates  by 
the  assistance  of  heat.  It  is  soluble  in  the  strong  mineral 
acids  and  in  alkaline  solutions,  but  not  in  dilute  acids  in 
general.  In  alkohol,  it  is  insoluble.  When  exposed  to 
the  air,  it  assumes  a purple  colour,  probably  by  attracting 
ammonia.  Submitted  to  heat,  it  is  decomposed,  and  yields 
carbonate  of  ammonia,  prussic  acid,  and  a little  fluid  ol 
an  oily  appearance.  Burned  with  the  oxide  of  coppci,  it 
was  found  to  consist  of  hydrogen  4-.54-,  carbon  2 7. 27,  oxy- 
gen 36.36,  nitrogen  31.81.  The  alkaline  purpurates,  as 
before  observed,  all  form  solutions  of  a beautiful  purple 
colour.  They  are  capable  of  crystallizing,  and  their  crys- 
tals possess  some  remarkable  properties.  The  purpurate 
of  ammonia  crystallizes  in  quadrangular  prisms,  which, 
when  viewed  by  transmitted  light,  appear  ol  a deep  gar- 
net red  ; but  by  reflected  light,  two  of  the  opposite  sur- 
faces appear  of  a beautiful  green,  while  the  other  two  op- 
posite surfaces  appear  ol  the  natural  colour,  n his  cui  ions 
property  seems  to  be  possessed  by  the  other  alkaline  pur- 
purates. The  metallic  purpurates  are,  in  general,  remark- 
able for  their  solubility  and  the  beauty  of  their  colours. 
The  purpurate  of  zinc  is  of  a beautiful  gold  yellow,  the 
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purpurate  of  tin  of  a pearly  white,  that  of  the  other  pur- 
purates  are  more  or  less  of  a red  colour  *. 

From  the  preceding  history  of  urine,  it  appears  that  its 
composition  is  very  complicated ; it  contains  a number  of 
ingredients,  and  these  are  often  diversified.  In  the  sum- 
mary of  its  analysis  by  Fourcroy  and  Vauquelin,  eleven 
substances  are  enumerated  as  constantly  present  in  it, 
though  variable  in  their  proportions, — muriate  of  soda, 
muriate  of  potash,  and  muriate  of  ammonia;  super-phos- 
phate oi  lime,  phosphate  of  magnesia,  phosphate  of  soda, 
and  phosphate  of  ammonia ; uric  acid  and  benzoic  acid; 
a gelatinous  or  albuminous  matter,  and  uree.  The  follow- 
ing has  more  lately  been  given  as  the  entire  composition 
by  Berzelius,— water  933,  uree  30.10,  sulphate  of  potash 
3.71,  sulphate  of  soda  3.16,  phosphate  of  soda  2.94',  mu- 
riate of  soda  4.45,  phosphate  of  ammonia  1.65,  muriate  of 
ammonia  1.50,  free  lactic  acid,  and  lactate  of  ammonia  with 
animal  matter  and  uree  not  separable  from  the  preceding 
17-14,  earthy  phosphates  with  a trace  of  fluate  of  lime 
1.00,  uric  acid  1.00,  silex  0.03,  mucus  of  the  bladder  0.32. 
The  proportions  of  these  are  of  course  liable  to  be  varied 
by  circumstances  affecting  the  secretion. 

The  composition  of  urine  is  considerably  diversified 
by  morbid  states  of  the  system.  In  the  disease  named 
Diabetes,  saccharine  matter  is  secreted  by  the  kidneys, 
and  often  in  large  quantity ; from  the  experiments  of 
Cruickshank,  it  appears,  that  it  has  all  the  properties  of 
vegetable  sugar,  while  the  proportions  both  of  the  saline 
ingredients  and  of  the  uree  are  much  diminished.  It  had 
even  been  supposed  that  diabetic  urine  contains  no  uree, 
as  it  affords  no  scaly  precipitate  on  the  addition  of  nitric 
acid.  But  Dr  Henry  found,  that  the  effect  of  this  test  is 
prevented  by  the  saccharine  matter  f.  Still  the  quantity 

’ Annals  of  Philosophy,  vol.  xii.  p.  68.  t Ibid.  vol.  i.  p.  27. 
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of  uree  is  much  diminished.  This  circumstance,  as  well 
as  the  theory  of  the  production  of  sugar  constituting  this 
singular  disease,  have  been  well  elucidated  by  Dr  Prout, 
by  a happy  application  of  chemical  analysis.  He  found 
diabetic  sugar  to  be  of  the  same  composition  as  common 
sugar ; and  this  he  found  to  be  composed  of  39.99  of  car- 
bon, 53.33  of  oxygen,  and  6.66  of  hydrogen,  correspond- 
ing to  1 combining  w eight  of  each  of  these  elements.  From 
this,  compared  with  the  composition  of  ure'e,  (page  553),  it 
appears,  that  the  weight  of  an  atom  or  combining  quan- 
tity of  sugar,  is  just  half  that  of  uree;  the  absolute  quan- 
tity of  hydrogen  in  a given  weight  of  both  is  equal,  while 
the  absolute  quantities  of  carbon  and  oxygen  in  a given, 
weight  of  sugar,  are  precisely  twice  those  in  uree  *.  Ihe 
formation  of  sugar  in  diabetes  probably  depends  therefore 
on  a vitiated  assimilation  or  secretion,  whence  the  addi- 
tional multiples  of  carbon  and  oxygen  are  communicated 
to  uree.  In  dropsy,  albumen  is  often  contained  in  urine 
in  such  a quantity,  that  it  bears  a resemblance  to  the  serum 
of  the  blood,  and  is  coagulated  by  acids  and  by  heat.  In 
the  dropsy,  howrever,  from  diseased  liver,  it  does  not  coa- 
gulate, but  deposites  a considerable  quantity  of  a pink-co- 
loured sediment,  which  Cruickshank  found  to  consist  of 
phosphate  of  lime,  animal  matter,  to  which  its  red  colour 
was  probably  owing,  and  a little  uric  acid.  Mr  Rose  dis- 
covered, that  in  inflammation  of  the  liver,  both  acute  and 
chronic  uree  is  entirely  wanting  in  the  urine  f.  In  fever, 
particularly  at  the  crisis  or  abatement  of  the  disease,  a la- 
teritious  sediment  is  deposited,  and  nitrous  acid,  when  add- 
ed before  the  deposition  takes  place,  gives  a deep  red  tinge. 
In  gout,  the  termination  of  the  paroxysm  is  indicated  by 
a deposition  of  a similar  sediment.  This  sediment,  Mr 
Cruickshank  found  to  be  composed  of  uric  acid,  phosphate 

* Medico-Chirurgical  Transactions,  vol.  viii.  p.  541. 

t Annals  of  Philosophy,  vol.  vii.  p.  56. 
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of  lime,  and  some  peculiar  animal  matter,  but  little  soluble 
in  water ; and  of  these,  the  acid  generally  constitutes  the 
smallest  part *.  In  those  spasmodic  affections  that  attend 
some  nervous  diseases,  the  urine  is  transparent,  abounding 
in  saline,  and  having  scarcely  any  extractive  matter  ; simi- 
lar appearances  have  been  observed  to  precede  delirium  in 
fever.  This  state  is  discovered,  by  the  infusion  of  oak-bark 
giving  scarcely  any  precipitate  with  the  urine,  while  ace- 
tate of  lead  produces  a copious  one.  At  the  commence- 
ment of  the  paroxysm  of  gout,  the  urine,  according  to  Ber- 
thollet,  has  a less  proportion  of  acid  than  usual,  while,  to- 
wards its  termination,  it  is  increased.  In  rickets,  accord- 
ing to  Bonhomme,  it  is  loaded  with  a large  proportion  of 
phosphate  of  lime,  derived,  probably,  by  absorption  from 
the  bones.  Sometimes  there  is  a deposite  of  phosphate  of 
ammonia  and  magnesia,  forming  what  is  called  White 
Sand.  In  other  diseases,  it  exhibits  other  appearances : 


* Proust  has  affirmed,  (Annales  de  Chimie,  tom.  xxxvi.  p. 
258.)  that  this  sediment  consists  chiefly  of  a peculiar  acid,  which, 
from  its  colour,  he  has  named  Rosacic  Acid,  and  which,  he  adds, 
is  distinguished  from  uric  acid,  by  its  greater  solubility  in  hot  wa- 
ter, by  not  crystallizing  so  easily,  and  by  giving  a violet  precipi- 
tate with  muriate  of  gold.  But  these  properties  may  arise  from 
intermixture.  Vogel  has  added  some  facts  with  regard  to  it.  He 
procured  it  by  digestion  with  alkohol,  a white  powder  was  left, 
which  formed  red  scales  when  heated  with  nitric  acid,  and  thus 
appeared  to  be  uric  acid.  The  alkohol  saturated  with  red  matter 
being  evaporated,  gave  a red  powder  which  he  considered  as  pure 
rosacic  acid.  Its  most  striking  properties  were  dissolving  without 
effervescence  in  sulphuric  acid,  forming  a liquor  of  a deep  red  co- 
lour, which  loses  its  colour  by  dilution,  and  throws  down  a white 
powder,  presenting  all  the  characters  of  uric  acid  ; and  forming  also 
with  sulphurous  acid  a liquid  of  a very  lively  red  colour.  Except 
in  these  properties,  it  does  not  differ  essentially  from  uric  acid,  and 
Vogel  is  disposed  to  conclude,  that  there  is  little  distinction  be- 
tween them,  (Philosophical  Magazine,  vol.  xlvii.  p.  22S.). 
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sometimes  it  is  viscid,  sometimes  white  and  milky;  some- 
times, again,  of  a dark  colour,  and  extremely  foetid.  These, 
and  other  states  in  which  it  occurs,  have  not  been  accu- 
rately chemically  examined,  though,  in  a medical  point  of 
view',  they  must  afford  important  results. 

It  appears  too,  that  the  composition  of  the  urine  is  in- 
fluenced by  substances  received  into  the  stomach.  The 
flavour  of  several  odorous  substances  is  known  to  be  per- 
ceptible in  it  soon  after  they  have  been  swallowred.  Saline 
matter  appears  to  be  peculiarly  secreted  ; nitre,  when  it 
has  been  taken  for  some  time  in  small  doses,  has  been  found 
so  far  to  impregnate  the  urine,  that  paper  dipt  in  it  defla- 
grates weakly  when  kindled  : alkalis  can  be  given  to  that 
extent,  that  the  urine  becomes  sensibly  alkaline.  And 
acids  taken  in  certain  quantities,  so  far  influence  the  se- 
cretion, as  to  increase  the  precipitate  of  uric  acid.  The 
administration  of  the  alkalis  has  an  opposite  effect : This 
also  is  the  case,  Mr  Brande  has  shewn,  with  magnesia. 
The  same  substances,  and  also  lime,  he  found  favoured  the 
deposition  of  the  earthy  phosphates  of  the  urine  ; w hen  an 
alkaline  super-carbonate  was  given,  a portion  of  the  car- 
bonic acid  appeared  to  be  secreted  ; and  w hen  water  large- 
ly impregnated  with  carbonic  acid  was  drunk,  the  urine 
yielded  it  copiously  when  heated,  or  when  placed  in  the 
exhausted  receiver  of  an  air-pump  *. 

In  different  animals  too,  the  urine  varies  considerable. 
In  that  of  gramenivorous  animals,  the  uric  acid  is  want- 
ing, while  the  benzoic  is  generally  present  in  large  pro- 
portion. Rouelle  had  examined  that  of  the  horse ; he  found 
it  to  afford  no  phosphorus;  it  contained  sulphate  and  mu- 
riate of  potash,  carbonate  and  sulphate  of  lime,  w ith  the 
saponaceous  extract,  or  uree,  and  a matter  which  render- 
ed it  viscid : and  these  results  have  been,  in  general,  con- 
firmed by  the  analysis  of  it  by  Fourcroy  and  Vauquelin ; 


* Philosophical  Transactions,  1810, 
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its  ingredients,  as  determined  by  this  analysis,  being  eai  * 
bonates  of  lime  and  soda,  muriates  ot  potash  and  soda,  ben- 
zoate of  soda,  and  uree.  That  of  the  cow,  according  to 
Rouelle’s  analysis  of  it,  gives  results  nearly  the  same,  all 
its  salts  having  a base  of  potash.  That  ot  the  camel  he 
found  to  contain  carbonate,  sulphate,  and  muriate  ol  pot- 
ash, with  uree.  Vauquelin  has  lately  examined  the  urine 
of  the  lion,  the  tiger,  and  the  beaver.  The  two  first  are 
perfectly  similar,  but  differ  from  that  ot  man  in  being  al- 
kaline, even  when  first  discharged,  from  the  presence  ot 
ammonia,  in  containing  no  uric  acid,  tiee  01  combined,  in 
there  being  little  phosphate  ot  lime,  which  seems  to  be  pie- 
cipitated  in  the  bladder,  and  hence  their  urine  is  usually 
turbid,  and  in  containing  little  muriate  of  soda,  but  much 
sulphate  of  potash,  and  phosphates  of  soda  and  ammonia, 
with  a redundance  of  uree.  The  urine  of  the  beaver  hefound 
to  be  similar  to  that  of  herbivorous  animals;  it  contained 
no  uric  acid  or  phosphoric  salt,  but  uree,  acetic,  and  ben- 
zoic acids,  muriate  of  soda  and  sulphate  of  potash,  caibo- 
nate  of  lime  held  dissolved  by  an  excess  of  carbonic  acid, 
and  what  are  peculiar,  carbonate  and  acetate  of  magnesia  *. 


The  concretions  which  sometimes  form  in  the  kidneys, 
or  bladder,  being  derived  from  the  urine,  fall  to  be  con- 
sidered under  its  chemical  history.  The  investigation  of 
their  nature  is  of  importance  in  a medical  point  of  view, 
as  they  give  rise  to  one  ot  the  most  painful  diseases  to  which 
man  is  subject,  and  it  is  only  by  chemical  researches  that 
we  can  hope  to  discover  the  cause  of  their  production,  and 
of  the  means  by  which  this  may  be  counteracted,  or  by 
which,  when  they  have  been  formed,  they  may  be  dissolv- 


* Nicholson’s  Journal,  vol.  xxxiv.  p,  1. 
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ed.  There  remains,  therefore,  to  be  delivered  the  chemi- 
cal history  of  Urinary  Calculi. 

Though  these  concretions  had  long  been  attended  to  by 
chemists,  nothing  precise  was  known  with  regard  to  them 
previous  to  the  discovery  of  uric  acid  by  Scheele.  From  this 
discovery,  it  appeared  that  it  forms  the  basis  of  them,  and 
the  knowledge  ol  this  fact  regulated  the  subsequent  investi- 
gations on  this  subject.  Bergman  confirmed  the  discovery 
of  Scheele.  Experiments  continued  to  be  repeated  and 
diversified  ; whence  it  was  discovered,  that  there  exist  other 
concretions  besides  those  composed  of  uric  acid;  and  a 
number  ol  important  results  were  established  by  the  re- 
searches of  Pearson,  Wollaston,  and  Fourcroy  and  Vau- 
quelin.  Dr  Wollaston,  in  particular,  determined  the  com- 
position of  other  species  besides  that  composed  principally 
of  the  uric  acid ; and  detected  the  existence  of  various 
principles  in  urinary  calculi  which  it  had  not  been  before 
known  that  they  contained  *.  Fourcroy  and  Vauquelin 
gave  a very  elaborate  memoir  f,  in  which  they  described 
the  diversified  appearances  these  concretions  present,  either 
from  chemical  composition  or  mechanical  structure.  The 
result  of  all  these  researches  is,  that  the  following  sub- 
stances enter  into  the  composition  of  urinary  calculi : uric 
acid,  urate  of  ammonia,  phosphate  of  lime,  phosphate  of 
ammonia  and  magnesia,  oxalate  of  lime,  cystic  oxide,  silex. 


* Philosophical  Transactions,  1797. 
t C Me  moires  de  l’Instit.  National,  tom.  ii.  p.  112. 

C.  Annales  du  Museum  National,  tom.  i.  p.  95. 

It  is  hut  justice  to  remark,  that  Dr  Wollaston’s  dissertation  was 
published  in  the  Philosophical  1 ransactions  two  years  before  the 
memoir  by  lourcroy  was  read  before  the  National  Institute  ; and 
that  it  anticipates  nearly  every  thing  which  the  French  chemist 
announced  as  discoveries  ou  this  subject. 
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and  animal  albumen,  these  principles  being  in  greater  or 
less  proportion  in  different  varieties,  so  as  to  give  rise  to 
some  difficulty  in  adopting  an  arrangement  with  regard  to 
them. 

The  calculi  which  were  first  properly  analysed,  are  those 
composed  of  uric  acid.  They  are  of  a brown  or  yellowish 
colour,  smooth  on  the  surface,  and  with  a texture  compact 
or  radiated  ; are  soluble  in  alkaline  solutions,  and  give  a 
red  colour  when  treated  with  nitric  acid. 

Another  calculus  had  been  observed,  white,  of  a lamel- 
lated  texture,  and  fusible  before  the  blowpipe  into  an 
opaque  white  glass.  This  Dr  Wollaston  found  to  be  com- 
posed of  phosphate  of  magnesia  and  ammonia,  and  phos- 
phate of  lime. 

Another  had  been  distinguished  by  surgeons  by  the  name 
of  the  Mulberry  Calculus,  from  its  dark  colour  and  irre- 
gularly knotted  surface,  bearing  some  resemblance  to  that 
fruit;  and  it  had  been  observed,  that  this  is  little  affected 
by  an  alkaline  solution.  Dr  Wollaston  found  it  to  consist 
of  oxalate  and  phosphate  of  lime. 

He  lastly  discovered  one  consisting  entirely  of  phosphate 
of  lime,  of  a pale  brown  colour,  so  smooth  as  to  appear 
polished,  composed  of  concentric  crusts,  and  soluble,  though 
slowly,  in  nitric  or  muriatic  acid. 

These  form  four  species,  under  which  he  arranged  uri- 
nary calculi:  Is/,  The  uric  acid  concretion:  2 d,  The  fu- 
sible calculus,  formed  chiefly  of  phosphate  of  ammonia  and 
magnesia : 3d,  What  he  named  the  Bone  Earth  Calculus, 
as  composed  of  phosphate  of  lime,  which  forms  the  basis 
of  bone  ; and,  Mh,  The  mulberry  calculus,  or  oxalate  and 
phosphate  of  lime.  To  these  may  be  added  another,  which 
he  has  since  discovered,  the  Cystic  Oxide  Calculus.  The 
arrangement  of  urinary  concretions  by  Fourcroy  and  Vau- 
quelin  is  more  minute  and  complicated,  as  they  form  a 
number  of  distinctions  from  mechanical  structure  and  in- 
termixture. But  in  a chemical  classification  these  can 
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scarcely  be  regarded,  and  the  classification  of  Dr  Wollas- 
ton is  sufficiently  precise,  placing  under  each  species  those 
calculi  in  which  there  is  mechanical  intermixture,  accord- 
ing to  the  predominant  ingredient. 

1.  Uric  Acid  Calculus.  Calculi  of  this  kind  are  usually 
in  fine  and  close  layers,  fibrous  or  radiated,  smooth  on  the 
surface,  though  sometimes  a little  rough,  of  a yellowish  or 
brown  colour,  similar  to  that  of  wood.  They  are  rather 
brittle,  and  have  a specific  gravity,  varying  from  1.276  to 
1.786,  but  usually  above  1.500.  They  blacken  without 
melting  on  burning  fuel ; exhale  an  odour  similar  to  that 
of  bone  burning,  and  give  by  distillation,  ammonia  and 
prussic  acid.  They  are  insoluble  in  cold  water,  but  when 
in  powder,  and  the  water  is  at  the  temperature  of  212°,  a 
solution  is  obtained,  and  small  crystals  are  deposited  on 
cooling.  They  are  soluble  in  the  cold  in  a solution  of  pure 
potash  or  soda,  and  from  the  solution  a precipitate  of  a fine 
white  powder  is  throwm  down  by  acids.  Lime-w’ater  dis- 
solves them,  but  more  sparingly.  In  solutions  of  the  al- 
kaline carbonates,  they  remain,  according  to  Scheele,  un- 
changed : according  to  the  experiments  of  Dr  Egan,  how- 
ever, they  are  dissolved  even  by  weak  solutions,  and  also 
when  the  alkali  is  super-saturated  by  carbonic  acid  *.  The 
weaker  acids  have  no  effect  on  them.  Even  the  muriatic 
acid  does  not  dissolve  them.  Nitric  acid,  however,  assist- 
ed by  heal,  acts  upon  them,  and  produces  the  deep  red 
colour  which  is  so  characteristic  of  uric  acid.  In  many  of 
them  the  uric  acid  appears  to  be  nearly  pure : in  others 
there  is  an  intermixture  of  other  ingredients,  particularly 
of  phosphate  of  lime,  and  phosphate  of  magnesia  and  am- 
monia ; and  in  almost  all  of  them  a portion  of  animal  mat- 
ter, whence  the  smell  they  emit  in  burning,  and  the  loss 
observed  in  their  analysis. 

* Transactions  of  the  Irish  Academy,  1805  } or  Philosophical 
Magazine,  vol.  xxiii.  and  xxiv. 
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A Calculus  of  Urate  of  Ammonia  has  been  described  by 
the  French  chemists,  which  has  some  resemblance  in  struc- 
ture to  that  composed  of  pure  uric  acid,  only  the  layers  are 
less  sensibly  striated  : its  colour  is  lighter,  often  inclining 
to  grey  or  greyish  white:  the  surface  is  smooth,  sometimes 
brilliant  and  crystalline,  and  sometimes  the  external  layer 
is  pure  uric  acid.  The  specific  gravity  is  from  1.225  to 
1.720.  The  distinguishing  chemical  characters  assigned 
to  calculi  of  this  kind  are,  solubility  in  alkaline  solutions, 
and  their  giving  out,  while  they  dissolve,  a strong  atmno- 
niacul  odour,  two  characters  which  are  not  found  together 
in  any  other  species.  They  are  also  soluble  alone  in  hot 
water,  and  are  rendered  more  soluble  by  an  excess  of  am- 
monia. All  the  acids  abstract  their  base,  and  reduce  them 
to  the  state  of  uric  acid.  Heated  by  the  blowpipe,  they 
exhale  ammonia,  and  then  present  the  same  appearances 
as  the  uric  acid  calculus.  There  is  some  doubt  with  re- 
gard to  this  calculus.  Dr  Wollaston,  Mr  Brande,  and 
Dr  Marcet,  have  never  been  able  to  discover  it ; and  Mr 
Brande  has  supposed,  that  the  ammonia  which  it  is  said 
to  yield  might  be  derived  from  phosphate  of  ammonia  and 
magnesia,  mixed  intimately  with  uric  acid*.  At  the  same 
time,  there  is  certainly  nothing  to  preclude  the  production 
of  urate  of  ammonia. 

2.  Calculus  of  Phosphate  of  Magnesia  and  Ammonia. 
This  substance  scarcely  ever  forms  a calculus  alone:  it  is 
either  discharged  in  the  form  of  a white  sand,  which  con- 
sists of  very  minute  crystals,  or  it  forms  layers,  which  al- 
ternate with  other  ingredients,  or  cover  a nucleus  of  uric 
acid.  It  is  distinguished  when  in  these  layers,  or  when 
predominant  in  a mixed  calculus,  by  its  lamellated  struc- 
ture, its  white  colour,  and  the  closeness  and  fineness  of  its 
texture;  it  is  soft  and  smooth  to  the  touch,  is  easily  sawed 
through,  and  gives  a fine  light  powder  of  a brilliant  white- 


* Philosophical  Transactions,  1808. 
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ness.  It  has  a taste  mild  and  sweetish,  without  feeling 
dry  like  phosphate  of  lime.  With  this  substance,  how- 
ever, it  often  occurs  in  intimate  intermixture,  and  the  two 
modify  the  properties  of  each  other,  particularly  with  re- 
gard to  fusibility,  so  that  this  mixed  calculus  melts  easily 
before  the  flame  of  the  blowpipe  into  a white  enamel,  and 
hence  is  denominated  the  Fusible  Calculus,  which,  next  to 
the  uric  acid  calculus,  is  the  most  common.  It  is  usually 
white  and  friable,  laminated  in  its  texture,  and  sometimes 
studded  with  small  crystalline  grains  of  the  phosphate  of 
ammonia  and  magnesia.  When  placed  on  burning  fuel, 
it  blackens  and  exhales  an  empyreumatic  arnmoniacal  o- 
dour,  and  melts  when  the  heat  is  raised.  It  dissolves  in 
water  sparingly,  still,  however,  so  far,  that  when  the  water 
is  boiled  on  it  and  evaporated,  it  deposites  minute  crystals 
on  cooling.  It  dissolves  easily  in  the  acids,  even  those  that 
arc  weak  ; when  immersed  in  dilute  muriatic  acid,  both  the 
phosphate  of  lime,  and  the  phosphate  of  ammonia  and  mag- 
nesia, are  dissolved;  and  there  remains  a membranous  mat- 
ter in  light  flakes,  consisting  of  the  albumen  mixed  with  it, 
w7ith  sometimes  a little  uric  acid.  Diluted  acetic  acid  dis- 
solves the  triple  phosphate  alone.  The  fixed  alkalis  dis- 
engage ammonia,  combine  with  the  acid,  and  separate  the 
magnesia  and  lime.  Ammonia  has  little  effect  on  it.  By 
subjecting  calculi,  into  the  composition  of  which  it  enters, 
to  the  successive  action  of  these  re-agents,  they  may  be 
analysed.  Thus,  according  to  Dr  Wollaston’s  method, 
the  phosphate  of  magnesia  and  ammonia  is  dissolved  by 
distilled  vinegar  in  the  cold,  with  scarcely  any  phosphate 
of  lime : muriatic  acid  poured  on  the  residuum,  dissolves 
the  phosphate  of  lime  : and  a fixed  alkaline  solution  takes 
up  the  uric  acid.  The  proportions  of  phosphate  of  am- 
monia and  magnesia,  and  phosphate  of  lime,  are  very  va- 
rious, and  the  fusibility  of  the  calculus  varies  according  to 
the  intermixture. 

3.  Calculus  of  Phosphate  of  Lime.  From  the  observa- 
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tions  of  Wollaston,  it  appears,  that  this  substance  some- 
times composes  an  entire  calculus,  though  more  generally 
it  is  mixed  with  other  ingredients,  particularly  with  uric 
acid,  and  with  phosphate  of  magnesia  and  ammonia.  In 
the  first  case,  the  calculus  is  of  a pale  brown  colour,  and 
so  smooth  as  to  appear  polished  ; when  sawed  through,  it 
is  found  regularly  laminated,  and  the  laminae,  in  general, 
adhere  so  slightly,  as  to  separate  with  ease  into  concentric 
crusts.  It  dissolves  entirely,  though  slowly,  in  muriatic  or 
nitric  acid.  Exposed  to  the  flame  of  the  blowpipe,  it  is 
first  slightly  charred,  but  soon  becomes  white,  retaining  its 
form,  until  urged  with  the  utmost  heat  from  a common 
blowpipe,  when  it  may  be  fused.  It  appears  to  be  more 
fusible  than  the  phosphate  of  lime,  which  forms  the  basis 
of  bone,  which  Dr  Wollaston  supposes  owing  to  the  latter 
containing  a larger  proportion  of  lime  *.  The  calculi  in 
which  phosphate  of  lime  alone  exists  are  rare,  but  those 
in  which  it  is  mixed  with  other  ingredients,  particularly 
phosphate  of  magnesia  and  ammonia,  and  uric  acid,  are 
more  numerous,  and  are  diversified  in  the  appearances 
they  present.  According  to  Fourcroy  and  Vauquelin,  it 
appears  in  these  either  under  the  form  of  layers,  friable, 
breaking  into  scales  under  the  saw,  of  a greyish  white  co- 
lour, dull,  and  without  any  lamellated  structure;  or,  in- 
stead of  layers,  it  presents  incoherent  grains,  friable,  and 
with  little  induration ; and,  by  this  dry  and  earthy  appear- 
ance, and  the  dulness  of  its  colour,  it  is  distinguished  from 
the  phosphate  of  magnesia  and  ammonia.  Calculi  of  either 
kind  are  charred  by  being  heated  ; calcined  to  whiteness, 
they  do  not  afford  lime.  They  are  dissolved  by  the  acids 
even  when  much  diluted,  and  the  phosphate  of  lime  is  pteci- 
pitated  by  the  alkalis.  They  are  not  affected  by  alkaline  so- 
lutions. From  their  state  of  intermixture,  however,  they 
are  liable  to  variations  both  in  their  physical  properties  and 


* Philosophical  Transactions,  1797,  p.  395. 
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chemical  characters.  And  the  different  ingredients  can  be 
recognized  with  certainty  only  by  analysis. 

4.  Calculus  of  Oxalate  of  Lime.  This  species  has  been 
long  known  by  the  name  of  the  Mulberry  Calculus,  from 
its  colour  and  its  rough  pointed  surface  : the  composition 
of  it  was  discovered  by  Dr  Wollaston.  It  is  of  a dark 
brown  colour  externally,  frequently  grey  within : its  sur- 
face is  usually  uneven,  presenting  tubercles  more  or  less 
prominent,  frequently  rounded,  sometimes  pointed,  and 
either  rough  or  polished ; sometimes,  however,  it  is  per- 
fectly smooth,  and  of  a pale  yellow'  colour  : it  is  very  hard, 
difficult  to  saw,  and  appears  to  consist  of  successive  unequal 
layers : it  is  also  the  heaviest  of  the  urinary  concretions. 
With  regard  to  chemical  characters,  it  is  less  affected  by 
the  application  of  the  usual  re-agents  than  any  other  cal- 
culus. The  pure  alkaline  solutions  have  no  effect  upon  it, 
and  the  acids  dissolve  it  with  great  difficulty.  When  it  is 
reduced,  however,  to  fine  powder,  both  muriatic  and  nitric 
acid  dissolve  it  slowly.  The  solutions  of  the  alkaline  car- 
bonates decompose  it,  as  Fourcroy  and  Vauquelin  have  ob- 
served ; and  this  affords  the  easiest  method  of  analysing 
it:  the  calculus  in  powder  being  digested  in  the  solution, 
carbonate  of  lime  is  soon  formed,  which  remains  insoluble, 
and  is  distinguished  by  the  effervescence  produced  by  the 
addition  of  weak  acetic  acid,  while  there  is  obtained  in  so- 
lution the  compound  of  oxalic  acid  with  the  alkali  of  the 
alkaline  carbonate:  from  this  the  oxalic  acid  may  be 
precipitated  by  acetate  of  lead  or  of  barytes  ; and  this  oxa- 
late thus  formed  may  be  decomposed  by  sulphuric  acid. 
Another  method  of  analysing  this  calculus  is  by  exposure 
to  heat : its  acid  is  decomposed,  and  by  raising  the  heat 
sufficiently,  pure  lime  is  obtained,  amounting  to  about  a 
third  of  the  weight.  This  species,  it  is  remarked  by  Four- 
croy and  Vauquelin,  contains  more  animal  matter  than  any 
other,  from  which  its  colour  appears  to  be  derived,  and 
which  gives  to  it  also  its  hardness  and  dense  aggregation : 
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this  animal  matter  appeared  to  be  a mixture  oi  albumen 
and  uree.  Dr  Wollaston  found  it  to  contain  usually  a 
little  uric  acid,  and  phosphate  of  lime. 

5.  Cystic  Oxide  Calculus.  This  is  composed  of  a sub- 
stance discovered  by  Dr  Wollaston,  to  which  he  gave  the 
name  of  Cystic  Oxide.  The  calculus  bears  some  resem- 
blance to  that  composed  of  phosphate  ol  magnesia  and  am- 
monia, but  is  more  compact ; and  instead  ot  the  whiteness 
and  opacity  of  the  other,  it  has  a yellowish  semi-transpa- 
rency with  a glistening  lustre.  It  emits  before  the  flame  ol 
the  blowpipe  a very  peculiar  foetid  smell.  It  is  acted  on  by 
the  usual  re-agents,  being  dissolved  by  the  stronger  acids, 
by  the  alkalis,  and  by  lime-water,  and  by  the  carbonates 
of  potash  and  soda.  Its  combinations  with  acids  may  be 
made  to  crystallize,  forming  slender  spicula?,  radiated  from 
the  centre,  which  dissolve  readily  in  water.  The  muriatic 
combination  is  decomposed  by  the  heat  of  boiling  water, 
and  the  acid  is  expelled  : the  salt  with  nitric  acid  does  not 
yield  oxalic  acid,  and  does  not  acquire  a red  coloui  when 
heated.  From  the  ready  disposition  of  this  substance  to 
unite  both  with  acids  and  alkalis,  Dr  Wollaston  concluded 
that  it  may  be  ranked  as  an  oxide  *. 

Dr  Marcet,  in  his  late  treatise  on  Calculous  Disorders, 
has  noticed  another  calculus,  composed  of  a substance 
which  had  not  been  before  observed,  and  to  which,  from  its 
characteristic  property  of  forming  a yellow  coloured  mat- 
ter when  acted  on  by  nitric  acid,  he  gives  the  name  of 
Xanthic  Oxyd.  A single  specimen  only  has  been  procured. 
It  was  of  a small  size ; its  texture  compact,  hard,  and  la- 
minated ; surface  of  a reddish  colour  : before  the  blowpipe 
it  splits,  becomes  black,  and  is  consumed  : when  reduced 
to  an  impalpable  powder,  and  boiled  in  water,  it  is  dis- 
solved, and  the  solution  reddens  litmus  slightly;  it  is  in- 
soluble in  alkohol  or  ether ; it  is  dissolved  by  the  alkalis 
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and  alkaline  sub-carbonates,  but  not  by  the  bi-carbonates  j 
it  is  very  sparingly  soluble  in  acetic  acid,  and  insoluble  in 
oxalic  acid.  The  mineral  acids  dissolve  it,  though  spar- 
ingly : when  its  solution  in  nitric  acid  is  evaporated  to  dry- 
ness, the  residue  assumes  a bright  lemon  colour;  the  mat- 
ter is  partly  soluble  in  water,  to  which  it  communicates  its 
colour ; the  addition  of  an  acid  removes  the  yellowness, 
but  il  potash  be  added  to  the  yellow  substance,  it  becomes 
of  a deep  red,  which  by  dilution  with  water,  however,  be- 
comes again  yellow.  These  properties  seem  sufficiently 
characteristic,  to  establish  this  as  a peculiar  substance. 

Dr  Marcet  has  observed  another  urinary  calculus,  of  a 
colour  and  consistence  similar  to  bees  wax,  somewhat  elas- 
tic, and  of  a fibrous  texture ; and  which  he  found  to  have 
all  the  chemical  properties  of  fibrin.  He  distinguishes  it 
by  the  name  of  Fibrinous  Calculus. 

It  appears  that  carbonate  of  lime  sometimes  enters  into 
urinary  calculi.  Fourcroy  and  Vauquelin  found  in  two 
calculi  of  six  hundred  which  they  analysed,  siliceous  earth  : 
it  was  mixed  with  uric  acid  and  urate  of  ammonia  in  the 
nucleus  and  internal  layers.  As  silex,  from  the  experi- 
ments of  Berzelius,  appears  to  exist  in  the  urine,  it  pro- 
bably is  not  unfrequently  an  ingredient  in  urinary  calculi, 
though,  from  the  minuteness  of  its  quantity,  it  may  not  have 
been  perceived.  Iron,  too,  has  been  sometimes  discovered 
in  these  concretions*,  and  as  a trace  of  this  metal  has  some- 
times been  found  in  urine,  a similar  remark  may  perhaps 
be  applied  to  it. 

There  is  present  in  the  calculi  of  every  species,  as  has 
been  already  remarked,  a portion  of  animal  matter : it  is 
it,  according  to  Fourcroy  and  Vauquelin,  which  is  the 
source  of  their  colour  and  induration  ; and  it  appears  to 
have  an  important  share  in  their  formation  : it  is  found 
even  in  those  which  appear  most  white  and  crystalline,  and 

1 Annals  of  Philosophy,  vol.  vii.  p.  57. 
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in  others  is  contained  in  large  quantity : it  often  remains 
in  flocculi  when  the  other  ingredients  have  been  dissolved 
by  re-agents ; they  supposed  it  to  be  analogous  to  albumen, 
with  the  exception  ot  that  in  the  mulberry  calculus,  which 
appears  to  approach  to  uree.  It  seerm  in  general  to  be 
rather  the  mucus  of  the  bladder.  Berzelius  has  remarked, 
that  the  mucus  suspended  in  the  urine,  in  its  deposition  as 
it  cools,  seems  to  promote  the  crystallization  of  uric  acid, 
the  minute  crystals  of  the  acid  not  forming  so  readily  when 
this  mucus  is  not  present.  And  hence  the  probable  con- 
jecture which  he  suggests,  that  if  from  long  retention  of 
the  urine,  or  from  confinement  to  the  horizontal  posture, 
the  mucus  in  the  urine  (which  is  of  greater  specific  gravi- 
ty, and  therefore  slowly  subsides  from  it)  accumulate,  it 
may  give  rise  to  the  formation  of  a concretion  *.  It  may 
be  owing  even  to  this,  that  the  disease  commences  so  fre- 
quently in  infancy,  as  there  is  reason  to  believe  it  does. 

Such  are  the  ingredients  in  urinary  calculi,  and  the  spe- 
cies under  which  they  may  be  arranged.  It  is  only  farther 
to  be  remarked,  that  they  are  much  diversified  by  mecha- 
nical intermixture,  layers  of  these  ingredients  often  alternat- 
ing. Those  intermixtures  which  have  been  most  frequent- 
ly observed,  and  which  are  pointed  out  by  Fourcroy  and 
Vauquelin,  are,  1st , The  mixture  of  uric  acid  and  of  earthy 
phosphates;  the  former  generally  forming  the  nucleus,  and 
the  phosphate  of  lime,  and  phosphate  of  magnesia  and  am- 
monia, being  either  intermixed  or  in  alternate  layers.  2d!u, 
Those  of  urate  of  ammonia  and  earthy  phosphates,  the 
nucleus  of  this  variety  being  commonly  urate  of  ammonia, 
and  the  layers  being  phosphate  of  lime  and  phosphate  of 
magnesia  and  ammonia  mixed  with  it,  and,  at  the  same 
time,  sometimes  alternating  with  fine  layers  of  it,  or  even 
of  uric  acid.  2>dly,  That  of  oxalate  of  lime  and  of  uric  a- 
aid,  the  first  generally  occupying  the  centre.  Mhly,  That 

* Anuali  of  Philosophy,  vol.  ii.  p.  41 
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of  oxalate  of  lime  and  earthy  phosphates ; the  first  form- 
ing the  nucleus,  the  second  enveloping  it  in  different  layers : 
And,  lastly , The  alternation  of  uric  acid  alone  or  mixed 
with  urate  of  ammonia,  with  oxalate  of  lime  and  earthy 
phosphates ; the  nucleus  being  oxalate  of  lime,  the  inter- 
mediate layers  uric  acid  or  urate  of  ammonia,  and  the  exte- 
rior, earthy  phosphates  intermixed  with  each  other  and 
with  uric  acid.  Of  all  the  urinary  concretions,  those  of 
uric  acid  have  been  supposed  to  be  the  most  common. 
Of  200  specimens  which  Dr  Pearson  analysed,  not  more 
than  six  did  not  contain  uric  acid,  though  he  lound  its  pro- 
portion very  various.  And  Fourcroy  and  Vauquelin  found, 
among  600  calculi,  more  than  150  composed  of  pure  uric 
acid.  The  observations  of  Mr  Brande,  however,  are  at 
variance  with  this.  Of  the  collection  of  calculi  in  the 
Hunterian  Museum,  he  found  16  were  composed  of  uric 
acid,  45  of  uric  acid  with  a small  proportion  of  phosphates, 
66  of  phosphates  with  a small  proportion  of  uric  acid,  12 
of  phosphates  entirely,  5 of  uric  acid  with  phosphates  and 
nuclei  of  oxalate  of  lime,  and  6 chiefly  of  oxalate  ot  lime. 
Of  181  specimens  examined  by  Dr  Marcet,  he  found  66 
of  uric  acid,  49  of  the  fusible  calculus  often  mixed  with 
triple  phosphate,  4 of  phophate  of  lime,  pure,  or  alternat- 
ing with  triple  phosphate,  41  of  mulberry  calculus,  19  cal- 
culi in  alternating  layers,  chiefly  of  uric  acid  and  the  matter 
of  mulberry  calculus,  and  2 of  ingredients  intimately  mixed. 

It  appears  from  Mr  Brande’s  observations,  that  calculi 
formed  in  the  kidneys  are  almost  always  of  uric  acid ; the 
more  rare  calculus  of  oxalate  ot  lime  appears  to  be  formed 
in  the  same  organ.  Calculi  composed  in  whole  or  in  part 
of  phosphates,  seem  to  be  principally  formed  in  the  blad- 
der. Hence,  too,  the  nucleus  of  mixed  calculi  is  almost 
uniformly  either  uric  acid,  or  oxalate  of  lime,  while  the 
superadded  layers  consist  of  phosphates  pure  or  alternat- 
ing with  uric  acid.  The  nucleus  itself  has  probably  been 
formed  in  the  kidneys,  and  the  additional  matter  deposited 
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in  the  bladder.  Where  the  disposition,  it  is  remarked  by 
Mr  Brande,  to  form  uric  acid  in  the  kidneys  is  great  and 
permanent,  the  calculus  found  in  the  bladder  is  principally 
composed  of  uric  acid,  (the  urine  having  been  so  much  im- 
pregnated with  it) ; but  where  this  disposition  is  weak  and 
of  short  duration,  the  nucleus  only  is  uric  acid,  and  the 
bulk  ot  the  stone  is  composed  of  the  phosphates.  Where 
the  increased  secretion  of  uric  acid  returns  at  intervals,  the 
calculus  is  composed  of  alternate  layers  of  uric  acid  and 
the  phosphates.  And  when  a constant  increased  secretion 
of  uric  acid  is  going  on  from  the  kidneys,  only  in  small 
quantity,  it  will  be  more  uniformly  mixed  with  the  phos- 
phates deposited  in  the  bladder  *. 

Fourcroy  and  Vauquelin  have  given  a very  good  sum- 
mary of  the  chemical  phenomena  presented  by  re-agents 
on  the  usual  ingredients  of  urinary  calculi,  by  which  they 
maybe  recognised.  In  applying  a pure  alkaline  solution, 
five  appearances  present  themselves,  from  which  indications 
may  be  drawn  : ls£,  The  alkali  may  dissolve  the  calculus 
entirely,  and  without  causing  any  evolution  of  ammonia; 
in  which  case  it  may  be  inferred,  that  it  consists  of  uric  a- 
cid.  2r%,  The  solution  may  be  complete,  but  accompa- 

* Oxalate  of  lime  is  rather  a singular  ingredient  to  be  found  in 
urinary  concretions  ; nor  has  any  theory  been  proposed  to  account 
for  its  origin.  It  is  probably  to  be  accounted  for  on  the  relation 
which  has  been  pointed  out  (page  564*.)  between  uree  and  saccha- 
rine matter,  that  in  the  latter  there  are  two  proportions  of  carbon 
and  oxygen,  to  one  in  the  former,  the  proportion  of  hydrogen  in 
each  being  the  same.  Sugar  is  convertible  by  a change  in  the  pro- 
portions of  its  elements  into  oxalic  acid  ; it  is  conceivable,  there- 
fore, that  uree  may,  by  a farther  change  corresponding  to  this 
relation,  yield  oxalic  acid,  as  a consequence  of  morbid  secretion. 
And  whenever  oxalic  acid  is  formed  in  the  secretion  of  urine,  it 
will  attract  the  lime  of  the  phosphate  of  lime  which  is  present, 
and  form  oxalate  of  lime,  the  insolubility  of  which  will  cause  its 
precipitation,  and  may  give  rise  to  the  nucleus  of  a concretion. 
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nied  with  a strong  ammoniacal  odour : the  calculus  then 
consists  of  urate  of  ammonia,  without  any  earthy  phos- 
phate, or  at  least  of  uric  acid,  with  an  intermixture  of  am- 
moniacal salts.  3(%,  The  alkali  may  dissolve  only  a part 
of  the  calculus  in  powder,  without  causing  any  exhalation 
of  ammoniacal  odour ; in  this  case  there  is  indicated  a 
mixture  of  uric  acid  and  phosphate  of  lime.  4 thly,  The 
alkaline  ley,  in  effecting  a similar  partial  solution,  may  at 
the  same  time  disengage  ammonia ; in  this  case  there  are 
indicated  uric  acid  which  has  been  dissolved,  and  phos- 
phate of  magnesia  and  ammonia  which  has  been  decom- 
posed ; the  undissolved  portion  must  contain  the  magnesia, 
which  may  be  discovered  by  solution  in  weak  acetic  acid, 
and  precipitation  by  potash ; while  the  alkaline  ley  con- 
tains the  phosphoric  acid,  which  may  be  precipitated  by 
lime-water,  and  the  uric  acid,  which  may  be  thrown  down 
in  a crystalline  form  by  muriatic  acid.  5thly,  There  is  pre- 
sent sometimes,  in  the  treatment  of  the  calculus  by  the  al- 
kaline ley,  an  evolution  of  ammonia,  while  no  uric  acid  can 
be  precipitated  from  the  solution  by  the  addition  of  the 
other  acids ; indicating  of  course  the  presence  only  of  phos- 
phate of  magnesia  and  ammonia,  mixed  generally  with 
more  or  less  phosphate  of  lime.  The  oxalate  of  lime  is 
not  dissolved  by  the  alkaline  solution,  but  by  the  alkaline 
carbonates,  producing  carbonate  of  lime,  by  which  it  may 
be  recognised,  as  well  as  by  furnishing  lime,  when  the  cal- 
culus has  been  urged  with  a strong  heat  *. 

I add  the  following  abstract  of  an  excellent  summary  by 
Dr  Marcet,  of  the  general  methods  of  determining  the  na- 
ture of  the  different  species  of  calculi  f . When  a calculus 
is  of  a brownish  colour,  compact,  rather  hard,  smooth  or 
nearly  so,  and  of  the  shape  of  a flattened  oval,  there  is 
great  probability  of  its  being  of  the  uric  acid  kind.  II  a 
fragment  not  larger  than  a pin’s  head  is  exposed  to  the 

* Memoires  de  l’Instit.  National,  tom.  iv.  p.  125. 150.  157, 
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fiame  of  the  blow-pipe,  if  this  acid  be  its  principal  ingre- 
dient, the  fragment  blackens,  emits  a smoke  having  a strong 
and  characteristic  odour,  and  is  gradually  consumed,  leav- 
ing a minute  quantity  of  white  ash,  which  is  usually  alka- 
line. The  uric  acid  may  be  also  recognised,  by  being  dis- 
solved by  caustic  potash  : if  a minute  portion  scraped  of! 
the  calculus,  be  heated  gently  in  a watch-glass,  with  a few 
drops  of  the  alkaline  liquor,  it  is  immediately  dissolved, 
leaving  a residue  more  or  less  considerable,  according  to 
the  proportion  of  the  other  substances  contained  in  the 
calculus ; and  by  adding  to  the  solution  any  acid,  a white 
precipitate  of  uric  acid  is  thrown  down.  Lastly,  it  to  a 
small  particle  of  it  a drop  of  nitric  acid  be  added,  and  heat 
applied,  it  assumes  on  becoming  dry  a beautiful  pink  or  car- 
mine colour,  which  it  communicates  to  water  by  solution. 

The  indications  by  which  the  phosphate  of  lime  calculus 
is  identified  are,  that  before  the  flame  of  the  blowpipe  it 
first  blackens,  but  soon  becomes  perfectly  white,  retaining 
its  form,  and  not  exhibiting  any  appearance  of  fusion,  un- 
less the  most  intense  heat  be  applied : and  that  when  pul- 
verised it  is  readily  dissolved  by  dilute  muriatic  acid,  and 
if  there  is  not  a great  excess  of  acid,  a precipitate  is  tin  own 
dowrn  by  oxalate  of  ammonia. 

The  ammoniaco-magnesian  phosphate  is  discernible  by 
its  whiteness,  and  its  crystalline  sparkling  appearance.  If 
exposed  to  a gentle  heat,  or  treated  with  a few  di  ops  of 
caustic  potash,  ammonia  is  exhaled.  If  ui  ged  by  the  flame 
of  the  blowpipe,  the  phosphate  of  magnesia  remaining  after 
the  expulsion  of  the  ammonia  is  opaque,  and  undergoes  only 
an  imperfect  fusion.  This  calculus  dissolves  easily  in  di- 
lute acids ; and  on  adding  an  excess  of  ammonia  to  the 
solution,  the  white  shining  precipitate  of  the  triple  phos- 
phate is  formed. 

The  fusible  calculus  is  distinguished  by  melting  easily 
before  the  flame  of  the  blowpipe  into  a globule  of  a pearly 
appearance.  It  is  readily  dissolved  by  dilute  muriatic  a- 


582 


OF  URINARY  CALCULI. 


cid  ; the  lime  may  be  precipitated  from  the  solution  by  oxa- 
late of  ammonia,  and  the  triple  phosphate  of  magnesia  and 
ammonia  is  thrown  down  by  adding  ammonia  in  excess. 

Of  the  mulberry  calculus,  the  most  obvious  chemical 
character  is  to  swell  out,  when  exposed  to  the  heat  of  the 
blowpipe,  into  a kind  of  white  efflorescence  ; this  is  caustic 
lime,  (the  oxalic  acid  being  decomposed  by  the  heat),  and 
is  easily  recognised  by  rendering  green  moistened  paper 
stained  with  the  colour  of  violet,  or  rendering  brown  in 
like  manner  the  colour  of  turmeric.  If  it  has  a mixture 
of  uric  acid,  a stronger  heat  is  required  to  produce  the 
effect,  than  when  it  consists  only  of  oxalate  of  lime. 

The  cystic  oxide  calculus  is  recognised  by  its  unstrati- 
fied and  homogeneous  structure,  and  its  peculiar  smell 
when  heated  ; and  its  great  solubility  both  in  acids  and 
alkalis  is  a certain  criterion  of  it. 

The  investigation  of  the  composition  of  urinary  concre- 
tions leads  to  the  interesting  question,  how  far  their  solu- 
tion in  the  bladder  may  be  practicable,  and  if  it  is,  by  what 
agents  it  may  be  best  effected  ? 

Experience  has  established  the  advantage  derived  in  cal- 
culous affections  from  the  use  of  alkaline  remedies.  Where 
the  pure  alkali  is  used,  and  the  calculus  consists  chiefly  of 
uric  acid,  a real  solvent  power  may  be  exerted  ; for  it  has 
been  proved,  that  the  alkali  is  secreted  by  the  kidneys,  so 
as  to  render  the  urine  alkaline,  and  capable  of  acting  on 
the  calculus  out  of  the  body.  Yet  the  solvent  power  is 
very  inconsiderable,  and  the  remedy  proves  so  irritating, 
when  taken  to  any  considerable  extent,  that  the  solution  of 
a calculus  even  of  a small  size  can  scarcely  be  expected. 
The  pain  and  irritation  which  attend  the  disease,  however, 
are  considerably  alleviated  by  the  habitual  use  of  alkalis, 
and  this  even  when  super-saturated  with  carbonic  acid, 
partly  perhaps  from  the  solvent  power  of  the  alkali  on  the 
uric  acid,  and  partly  from  its  neutralizing  the  acidity  of 
the  urine,  which  is  thus  rendered  less  irritating,  and  the 
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tendency  to  a deposition  of  uric  acid  is  diminished.  It  has 
accordingly  been  found,  that  under  the  use  of  alkaline  re- 
medies, the  sediment  of  uric  acid  from  the  urine  rapidly 
diminishes. 

So  far  the  alkalis  may  act  as  palliatives,  while  there  is  no 
reason  to  believe  that  they  can  be  given  to  that  extent  to 
exert  an  actual  solvent  power.  There  is,  besides,  an  effect 
which  may  attend  their  continued  use,  which  Mr  Brande 
pointed  out.  The  phosphates  ol  lime  and  magnesia  aie 
held  in  solution  in  urine  chiefly  by  its  excess  of  acid ; if 
this  be  saturated  by  the  use  of  an  alkali,  although  the  de- 
posite  of  uric  acid  may  be  checked,  that  of  the  phosphates 
will  be  favoured,  and  it  appears  that  it  is  principally  from 
the  deposition  of  these  that  a calculus  in  the  bladdei  in- 
creases in  size.  Much  care,  therefore,  is  necessary  to  re- 
gulate the  administration  of  the  alkalis,  according  to  the 
tendency  of  the  urine  to  acidity,  and  particularly  not  to 
carry  them  to  excess,  so  as  to  cause  the  deposition  of  the 
earthy  phosphates.  And  it  is  not  improbable,  as  Mi 
Home  has  suggested,  that  the  appearances  on  the  surface 
of  some  calculi,  their  porosity  and  softness,  which  have 
been  observed  after  the  long-continued  use  of  alkalis,  and 
regarded  as  proofs  of  their  solvent  power,  have  arisen  from 
this  deposition  of  the  ammoniaco -magnesian  phosphate*. 

Lime,  under  the  form  of  lime-water,  has  been  employ- 
ed as  a solvent ; and  some  experiments  by  Dr  Egan  have 
shewn,  that  lime-water  acts  with  more  energy  than  an  al- 
kaline solution  of  similar  strength,  in  destroying  the  ag- 
gregation of  urinary  concretions ; an  effect  which  I have 
also  observed,  in  a comparative  trial  which  these  experi- 
ments led  me  to  make.  In  a dilute  solution  of  pure  pot- 
ash, a calculus  of  the  uric  acid  kind  was  soon  in  part  dis- 
solved, but  the  remaining  calculus  preserved  its  aggrega- 
tion, the  external  layer  having  been  merely  removed ; while 
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a calculus  of  a similar  kind,  and  discharged  from  the*am« 
person,  immersed  in  lime-water,  became  in  a few  days  white 
and  spongy,  and  at  length  presented  a kind  of  loose  scaly 
appearance,  while  the  least  touch  made  it  fall  down.  The 
lime  probably  operates  more  upon  the  animal  matter,  which 
serves  as  the  cement  or  connecting  substance,  than  upon 
the  uric  acid.  If  lime,  when  received  into  the  stomach 
under  the  form  of  lime-water,  can  be  secreted  by  the  kid- 
neys, as  the  alkalis  are,  it  might  be  inferred  from  these 
observations,  to  be  superior  as  a solvent.  But,  consider- 
ing the  sparing  solubility  of  lime,  and  the  small  quantity  of 
it  that  can  be  brought  to  the  kidneys,  the  possibility  of  its 
secretion  may  be  doubted  : and  if  it  were  secreted,  it  might 
combine  and  form  an  insoluble  compound  with  the  phos- 
phoric acid,  or  with  the  carbonic  acid  contained  in  urine. 
Some  advantage  might  be  derived  from  its  powerful  action 
on  the  animal  matter  of  the  calculus,  if  its  saturation  bv 
the  acid  of  the  urine  were  prevented  by  the  joint  adminis- 
tration of  an  alkali.  The  celebrated  Stephen’s  remedies, 
it  may  be  remarked,  were  a combination  of  this  kind. 

Mr  Home,  concluding  that  calculous  affections  might 
be  obviated  by  the  introduction  of  substances  into  the  sto- 
mach, which  would  prevent  the  formation  of  uric  acid, 
thought  of  employing  magnesia  for  this  purpose;  and  the 
practice  appears  to  be  attended  with  much  advantage  : the 
exhibition  of  magnesia  in  small  doses  being  found,  in  cases 
where  there  was  an  increased  formation  of  uric  acid,  to 
diminish  it  in  a much  greater  degree  than  had  been  effect- 
ed by  the  use  of  the  alkalis.  It  must  also  be  less  liable  to 
cause  the  deposition  of  phosphates  from  the  urine,  owing 
to  its  insolubility,  whence  it  is  not  liable  to  be  secreted  by 
the  kidneys.  And  it  has  the  important  advantage  of  being 
perfectly  mild  in  its  operation  *.  It  appears,  however, 
from  some  subsequent  cases  •{■,  that  it  may  be  used  in  ex- 

* Philosophical  Transactions,  1810.  i Ibid.  1813. 
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cess  so  as  to  cause  the  deposition  of  the  earthy  phosphates, 
no  doubt  by  diminishing  the  natural  acidity  ot  the  urine. 
Still  it  must  be  less  liable  to  do  so  than  alkalis  ; and  a little 
attention  may  guard  against  any  injurious  effect.  It  is  not 
less  necessary  to  guard  against  its  accumulation  in  the 
intestines. 

Those  calculi  which  are  composed  of  oxalate  of  lime, 
phosphate  of  lime,  or  phosphate  of  magnesia  and  ammonia, 
not  being  soluble  in  alkalis,  it  has  been  supposed  that  their 
solution,  if  attempted,  must  be  by  the  action  of  weak  acids; 
and  there  are  cases  on  record  in  which  the  pain  from  uri- 
nary calculus  has  been  relieved  by  the  use  of  vegetable 
acids,  as  that  of  lemons.  It  may  be  doubted,  however,  if 
the  use  of  any  acid  can  be  carried  to  that  extent  to  com- 
municate to  the  urine  a solvent  power.  And  with  regard 
to  this  there  would  be  a difficulty  similar  to  that  which  at- 
tends the  use  of  alkalis ; for  though  the  acid  might  remove 
the  phosphates,  or  prevent  their  deposition,  it  would  favour 
that  of  the  uric  acid,  and  the  concretion  might  increase 
therefore  from  this  cause.  Nor  can  we  ever  hope,  by  an 
alternate  exhibition  of  acids  and  alkalis,  to  adjust  them  to 
each  other,  so  as  to  obtain  their  solvent  effects  without 
these  counteracting  results.  Acids,  however,  may  be  so 
given  as  to  correct  the  tendency  to  the  deposition  of  the 
earthy  phosphates  where  it  exists,  and  those  which  are  weak 
may  be  preferred.  Water  impregnated  with  carbonic  acid, 
was  at  one  time  employed  ; and  Mr  Brande  has  stated, 
that  water  with  this  impregnation  in  some  cases  produced 
so  far  an  effect,  that  while  it  was  administered,  the  phos- 
phates were  voided  in  solution,  but  when  it  was  left  off, 
they  were  discharged  in  the  form  of  fine  sand.  This  ren- 
ders it  proper,  perhaps,  when  employing  alkalis,  to  use 
them  rather  in  the  state  of  super-carbonate,  than  in  their 
pure  form,  as,  if  given  even  in  excess,  they  will  in  the  for- 
mer state  be  less  liable  to  occasion  the  deposition  of  the 
earthy  phosphates.  It  appears,  also,  that  the  vegetable 
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acids,  the  tartaric,  and  especially  the  citric,  are  less  liable 
to  cause  the  deposition  of  uric  acid,  than  the  mineral  acids, 
while  they  equally  prevent  the  separation  of  the  earthy  phos- 
phates. The  carbonic  acid  is  peculiarly  adapted  to  those 
cases  where  the  bladder  is  more  than  usually  irritable  *. 

Fourcroy  and  Vauquelin  have  proposed  f,  that  the  solu- 
tion of  urinary  concretions  should  be  attempted  by  the  in- 
jection of  the  proper  solvents  into  the  bladder  largely  di- 
luted. From  the  extreme  irritability  of  the  bladder,  how- 
ever, with  regard  to  etery  fluid  but  that  which  it  usually 
contains,  there  can  be  little  doubt  but  that  this  project  is 
impracticable. 

The  preceding  history  of  urinary  concretions  applies  to 
those  formed  in  the  human  system.  They  are  sometimes 
found  in  other  animals;  and  calculi  of  this  kind  from  the 
dog,  the  horse,  the  hog,  the  ox,  and  other  quadrupeds, 
have  been  examined  by  Dr  Pearson,  Fourcroy  and  Yau- 
quelin,  and  Mr  Braude  J.  They  have  presented  the  sin- 
gularity, that  the  uric  acid  is  wanting ; they  consist  ge- 
nerally of  phosphate  and  carbonate  of  lime  with  animal 
matter. 


Sect.  IX. — of  synovia. 

This  name  is  given  to  the  liquor  found  within  the  cap- 
sular ligaments  of  the  joints,  which  is  designed  to  facilitate 
the  motion  of  the  articulated  bones.  It  was  submitted  to 


* Philosophical  Transactions,  IS  15. 
t f Memoires  de  l’Institut.  National,  tom.  iv.  p.  147. 
j Fourcroy’s  System,  vol.  x.  p.  551. 

f f Pearson,  Philosophical  Transactions,  179S,  p.  59. 
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chemical  examination  by  Margueron,  from  whose  memoir  ’ 
the  following  account  is  taken. 

It  is  viscous,  transpar  ent,  and  of  a greenish  colour  : when 
withdrawn  from  its  capsule,  it  becomes  gelatinous ; but 
after  some  time,  it  loses  this,  and  deposites  a fibrous  elas- 
tic matter.  It  mixes  with  cold  water  by  agitation,  and 
renders  it  viscous  : when  the  mixture  is  heated,  it  becomes 
milky,  and  pellicles  are  formed,  but  still  remains  viscous. 

Acids  added  to  synovia,  produce  a flocculent  precipitate, 
which  is  soon  re-dissolved.  When  the  stronger  acids  are  di- 
luted with  from  12  to  15  parts  of  water,  they  render  it  tur- 
bid, without  impairing  its  viscid  consistence;  when  much  di- 
luted, this  consistence  disappears,  the  liquor  becomes  trans- 
parent, and  there  separates  from  it  a fibrous-like  matter. 
These  phenomena  are,  in  particular,  produced  by  the  action 
of  acetic  acid.  The  liquor  remaining  after  this  precipitation 
being  heated,  affords  albuminous  pellicles,  and  when  these 
are  withdrawn,  it  gives,  on  evaporation,  crystals  of  muriate 
and  of  acetate  of  soda.  From  288  parts  of  synovia,  there 
were  separated  by  theaction  of  acetic  acid,  34-  of  the  fibrous- 
like  matter,  and  afterwards,  by  heat  and  evaporation,  1 3 of 
albumen,  5 of  muriate  ot  soda,  and  3 ol  acetate  of  soda. 

The  fibrous  matter  thrown  down  irr  these  experiments, 
is  not  perfectly  similar  to  any  known  animal  principle; 
for  although  it  has  some  resemblance  to  albumen  and  to 
fibrin,  it  differs  from  both.  Margueron  observes,  that  it 
resembles  fibrin,  or  rather  the  gluten  of  wheat,  in  colour, 
taste,  and  odour,  in  elasticity  and  tenacity ; but  it  differs 
in  being  soluble  by  agitation  in  cold  water,  and  being  pre- 
cipitated in  flakes  by  acids  and  alkohol. 

Alkohol  separates  albumen  from  the  synovia,  but  not 
the  peculiar  fibrous  matter,  and  hence  the  viscidity  is  not 
impaired  ; but  it  immediately  disappears  on  adding  acetic 
acid,  and  a portion  of  fibrous  matter  is  deposited. 


* Annales  de  Cbiraie,  tom.  xb-  p-  125. 
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Synovia  affords  precipitates  with  the  solutions  of  bary- 
tes, strontites,  lime,  potash,  and  ammonia,  consisting  prin- 
cipally of  the  phosphate  of  lime  it  contains ; it  also  gives 
a precipitate  with  oxalic  acid.  The  alkalis  render  it  more 
fluid,  and  even  dissolve  it  when  it  has  been  inspissated  from 
exposure  to  the  air. 

In  a moist  atmosphere,  it  passes  into  putrefaction,  and 
exhales  ammonia.  Decomposed  by  heat,  it  affords  empy- 
reumatic  oil  and  carbonate  of  ammonia  ; and  the  residuum 
contains  muriate  and  carbonate  of  soda.  Phosphate  of 
lime  is  obtained  from  the  incineration  of  its  charcoal. 

Margueron  concludes,  as  the  result  of  his  analysis  of 
this  fluid,  that  it  is  composed  of  fibrous  matter  11.8,  albu- 
men 4.5,  muriate  of  soda  1.75,  carbonate  of  soda  7,  phos- 
phate of  lime  7,  the  remaining  quantity  to  make  up  100 
parts  being  water. 

Arthritic  Concretions,  which  are  deposited  sometimes 
duringa  paroxysm  of  gout,  inthe  joints,  are  probably  formed 
from  this  fluid,  or  are  deposited  by  its  medium.  They  were 
found  by  Dr  Wollaston  to  consist  of  urate  of  soda  * ; a 
discovery  confirmed  by  the  experiments  of  Fourcroy  f. 
The  connection  of  gout  with  gravel  has  always  been  ob- 
served ; and  the  deposition  of  these  concretions  probably 
depends  on  some  cause  similar  to  that  on  which  the  for- 
mation of  urinary  calculi  depends.  - 


Sect.  X. — of  the  amniotic  fluid. 

The  fluid  with  which  the  foetus  is  surrounded  in  the 
amnios,  is  entitled  to  notice,  principally  as  having  furnish- 
ed what  Vauquelin  regarded  as  a new  acid.  He  obtained 

* Philosophical  Transactions,  1797,  p.  58.9. 
t Annales  du  Museum  National,  tom.i.  p.  100. 
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it  from  the  amniotic  liquor  of  the  cow : this  has  a reddish 
colour,  an  acid  and  bitter  taste,  and  a taint  odour.  It  red- 
dens the  more  delicate  vegetable  colours.  When  evapo- 
rated, it  is  covered  with  a scum,  in  which  are  formed  small 
brilliant  crystals;  by  farther  evaporation,  it  is  reduced  to 
the  consistence  of  honey.  If  alkohol  be  boiled  on  this,  a 
thick  dark-coloured  matter  remains  undissolved ; the  alko- 
hol poured  off,  deposites,  on  cooling,  brilliant  crystals,  in 
the  form  of  slender  prisms,  nearly  an  inch  long.  These 
are  the  amniotic  acid.  They  may  also  be  obtained  by  re- 
ducing the  liquor  to  one-fourth  of  its  volume  by  evapora- 
tion, and  abstracting  a little  animal  matter  by  washing 
with  water,  dissolving,  and  again  crystallizing  them. 

Amniotic  acid,  discovered  by  Vauquelin  and  Buniva  *, 
is  white  and  brilliant ; has  a slightly  sour  taste,  reddens 
infusion  of  litmus,  is  sparingly  soluble  in  cold  water,  is 
more  soluble  in  warm  water,  and  crystallizes  on  cooling  : 
it  is  also  soluble  in  alkohol.  It  combines  with  the  alkalis, 
and  forms  soluble  salts,  which  are  decomposed  by  the  other 
acids,  the  amniotic  acid  being  precipitated.  It  does  not 
decompose  the  alkaline  carbonates,  unless  when  aided  by 
heat ; neither  does  it  precipitate  the  earthy  salts,  or  the 
nitrates  of  silver,  quicksilver,  or  lead.  Exposed  to  heat, 
it  is  decomposed,  exhales  ammonia  and  prussic  acid,  and 
leaves  a bulky  charcoal.  In  these  properties  it  has  some 
points  of  resemblance  both  to  saccho- lactic  and  to  uric 
acid  ; but  the  former  differs  from  it  in  being  soluble  in  al- 
kohol, and  in  affording  neither  ammonia  nor  prussic  acid, 
when  decomposed  by  heat ; and  the  latter,  in  its  insolubility 
in  alkohol,  its  different  crystallization,  and  the  red  colour 
it  receives  from  nitric  acid. 

The  animal  matter  which  exists  along  with  this  acid  in 
the  liquor  of  the  amnios  of  the  cow,  is  of  a reddish  brown 
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colour,  a saline  taste,  and  has  a strong  smell  : is  soluble 
in  water ; and  insoluble  in  alkohol.  Decomposed  by  heat, 
it  affords  prussic  acid  : and  its  charcoal,  when  incinerated, 
gives  phosphate  of  magnesia.  Nitric  acid  disengages  from 
it  nitrogen  and  carbonic  acid  gases,  without  converting  it 
into  any  acid.  The  fluid  also  contains  a portion  of  sul- 
phate of  soda,  which  may  be  obtained  by  crystallization. 

It  is  singular,  that  the  human  amniotic  fluid  is  altoge- 
ther different  in  its  composition.  Vauquelin  and  Buniva 
could  not  discover  in  it  any  amniotic  acid,  but  found  it  to 
consist  of  albumen,  with  a little  muriate  and  carbonate  of 
soda  and  phosphate  of  lime.  It  is  of  a mild  saline  taste, 
a whitish  colour,  and  a little  viscid.  It  becomes  more  milky 
when  heated  ; acids  render  it  clear.  Alkohol  and  the  al- 
kalis separate  albuminous  flakes  from  it.  Infusion  of  galls 
produces  a copious  precipitate;  and  a white  precipitate  is 
formed  by  nitrate  of  silver,  from  the  presence  of  muriatic 
acid.  According  to  Mr  Braude,  when  it  is  procured  pure, 
it  is  almost  perfectly  transparent,  but  becomes  turbid  on 
exposure  to  the  air.  It  renders  the  tincture  of  violets 
green.  Albumen  separates  in  flakes  from  it  when  it  is 
heated.  Acids  render  it  turbid.  Alkalis  added  in  excess, 
cause  an  evolution  of  ammonia*. 


Sect.  XI. — of  the  humours  of  the  eye. 

The  ball  of  the  eye  contains  three  liquids  differing  in 
physical  properties,  though  but  little  in  chemical  nature : 
the  Aqueous  Humour,  situated  in  the  anterior  chamber: 
the  Crystalline  Humour,  occupying  the  central  space;  and 
the  Vitreous  Humour,  which  fills  up  the  greater  part  be- 
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hind  the  lens.  Their  analysis  was  executed  by  Chenevix 
from  whose  dissertation  *,  with  one  or  two  facts  from  a 
memoir  by  Nicholas  f,  the  following  account  is  taken. 

Aqueous  Humour.  This  is  a clear  transparent  liquid, 
of  the  specific  gravity  of  10090,  at  60°  oi  Fahrenheit. 
When  fresh,  it  has  little  smell,  or  taste.  It  occasions  very 
little  alteration  in  the  vegetable  colours;  a little  ammonia, 
which  causes  it  to  give  a green  tinge,  being  apparently  pro- 
duced from  decomposition.  When  exposed  to  the  air,  at 
a moderate  warmth,  it  evaporates,  and  becomes  slightly 
putrid.  When  made  to  boil,  a very  small  portion  of  coa- 
gulum  is  formed.  Evaporated  to  dryness,  it  leaves  a mat- 
ter weighing  not  more  than  8 per  cent,  of  the  original  li- 
quor. Tannin  causes  a precipitate  in  it  both  before  and 
after  it  has  been  boiled.  Nitrate  of  silver  causes  a preci- 
pitate, which  is  muriate  of  silver.  No  other  metallic  salts 
alter  it.  From  these  and  other  experiments  it  appears, 
that  the  aqueous  humour  is  composed  of  water,  albumen, 
and  a muriate,  the  basis  of  which  is  soda.  Nicholas  dis- 
covered in  it  a little  phosphate  of  lime.  Berzelius  gives 
the  following  as  its  composition, — water  98.10,  albumen  a 
trace,  muriates  and  lactates  1.15,  soda  with  animal  matter 
0.75. 

Vitreous  Humour.  This  being  pressed  through  a rag, 
to  free  it  from  its  capsules,  Chenevix  could  not  discover 
any  difference  between  it  and  the  aqueous  humour,  either 
in  its  specific  gravity,  or  in  its  chemical  nature.  Berze- 
lius states  its  composition  as  follows, — water  98.4,  albu- 
men 0.16,  muriates  and  lactates  1.42,  soda  with  animal 
matter  0.02. 

Crystalline  Humour.  This  differs  materially  from 
the  others.  It  is  solid  and  composed  of  concentric  la- 
mella? ; and  these  have  a different  degree  of  density  to- 
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wards  the  centre  from  what  they  have  in  the  external  part, 
the  density  decreasing  gradually  towards  the  circumference. 
The  mean  specific  gravity  is  1.100.  When  fresh,  it  is 
neither  acid  nor  alkaline.  It  putrefies  rapidly.  It  is  near- 
ly soluble  in  cold  water,  but  is  partly  coagulated  by  heat. 
Tannin  gives  an  abundant  precipitate ; but  no  traces  of 
muriatic  acid  could  be  perceived  when  it  was  obtained  free 
from  the  other  humours.  It  is  composed,  therefore,  of 
less  water  than  the  others,  but  of  a larger  proportion  of  al- 
bumen. Nicholas  found  in  it  also  a little  phosphate  of  lime. 
Its  composition  given  by  Berzelius  is,  water  58,  peculiar 
matter,  which  he  considers  as  similar  to  the  colouring  mat- 
ter  of  the  blood,  except  in  colour,  and  which  appears  to 
be  albumen  35.9,  muriates,  lactates,  and  animal  matter  2.4. 
animal  matter  with  some  phosphates  1.3,  cellular  mem- 
brane 2.4. 

These  experiments  by  Mr  Chenevix  were  made  on  the 
humours  of  the  eye  of  sheep  ; but,  in  repeating  them  on 
those  of  the  human  eye,  and  of  the  eye  of  oxen,  he  did 
not  find  any  important  chemical  difference.  There  was 
only  a difference  in  the  proportion  of  the  specific  gravity 
of  the  humours  to  each  other. 


Sect.  XII. — of  membrane,  cellular  fibre,  and  skin. 

The  soft  solids,  enumerated  under  this  section,  have  a 
close  analogy  in  their  properties,  and  appear  to  be  the 
same  matter  under  very  slight  modifications,  having  for 
their  basis  the  principle  denominated  Gelatin. 

This  principle  was  supposed  to  exist  in  the  serum  of 
blood ; an  opinion  which,  it  has  been  remarked,  is  very 
doubtful.  It  exists  in  some  of  the  other  animal  fluids,  and 
in  several  of  the  solids.  It  is  from  its  presence  that  the  de- 
coctions of  animal  matter,  when  of  a certain  strength,  be- 
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come  gelatinous.  The  skin,  membranes,  and  white  solids 
in  general,  are  principally  composed  of  it ; and  when  the 
oily  matter  has  been  separated,  afford  it  by  decoction  near- 
ly pure:  Glue,  which  is  used  in  the  arts,  on  account  of  its 
adhesive  property,  and  is  prepared  by  boiling  these  sub- 
stances strongly  in  water,  is  solid  gelatin  ; and  isinglass, 
prepared  from  the  membranous  parts  of  the  sturgeon,  is 
the  same  principle  in  a pure  form.  Berzelius  has  affirm- 
ed, that  the  gelatin  is  a product  of  the  operation,  formed 
by  the  action  of  boiling  water  on  skin  or  membrane,  and 
that  it  does  not  even  exist  as  a distinct  principle  in  the  ani- 
mal frame.  This  seems  little  else  than  a verbal  distinction  : 
any  change  produced  besides  that  of  solution,  must,  if  any, 
be  extremely  slight,  and  the  characteristic  quality  of  com- 
bining with  tannin,  seems  to  belong  to  the  solid  matter  of 
these  substances  as  well  as  to  their  gelatinous  solutions. 
Solid  gelatin,  too,  can  be  procured  from  bone,  by  abstract- 
ing the  earthy  matter  by  an  acid,  which  is  soluble  in  wa- 
ter, and  gelatinous  without  boiling. 

The  property  peculiarly  distinguishing  gelatin  is  solu- 
bility in  water  cold  or  warm,  and  giving  to  the  Water  a 
g'elatinous  consistence.  The  proportion  necessary  for  this 
is  less  than  one  part  of  gelatin  to  150  of  water.  Evr  ri 
when  the  consistence  is  most  firm,  the  whole  becomes  li- 
quid when  heated,  and  again  gelatinates  as  it  cools. 

Alkohol  precipitates  gelatin ; but  on  heating  the  mix- 
ture, the  gelatin  is  re-dissolved.  . 

The  acids  dissolve  gelatin,  and,  at  the  same  time,  de- 
compose it.  Nitric  acid  disengages  a portion  of  nitrogen, 
less  considerable,  however,  than  what  is  yielded  by  other 
animal  substances  from  the  same  treatment : oxalic  acid  is 
formed,  with  a little  oily  matter.  Sulphuric  acid  chars  it. 

The  alkalis  dissolve  gelatin.  The  solutions  of  barytes, 
lime,  and  strontites,  produce  in  its  solution  a milkiness, 
owing,  according  to  Fourcroy,  to  the  precipitation  of  a 
phosphate.  Some  of  the  metallic  oxides  communicate  ox y> 
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gen  to  it ; and  a number  of  the  metallic  salts  cause  preci- 
pitates to  fall  from  its  solution. 

The  most  delicate  test  of  gelatin  is  tannin.  One  part 
dissolved  in  5000  of  water  was  found  by  Dr  Bostock  to  be 
discovered  by  the  turbid  appearance  produced  by  the  in- 
fusion of  tannin.  It  is  necessary  to  attend  to  the  circum- 
stance, that  tannin  likewise  produces  a precipitate  with  al- 
bumen. This,  however,  is  much  less  evident ; and  the  dis- 
tinction between  them  is  easily  established  by  other  tests. 
Thus,  a solution  of  corrosive  muriate  of  mercury,  or  of  that 
form  of  acetate  of  lead  known  by  the  name  of  Goulard’s 
Extract,  does  not  affect  gelatin,  but  renders  the  solution 
of  albumen  turbid. 

Gelatin  is  very  suscept  ible  of  spontaneous  decomposition, 
and  passes  more  quickly  into  putrefaction  than  any  other 
variety  of  animal  matter.  Decomposed  by  heat,  it  affords 
carburetted  hydrogen  and  carbonic  acid,  carbonate  of  am- 
monia, and  empyreumatic  oil ; the  residual  charcoal  con- 
tains phosphate  of  lime.  The  proportions  of  its  elements, 
according  to  the  estimate  of  Gay  Lussac  and  Thcnard,  are 
given  in  the  table  in  the  preceding  chapter. 

After  this  general  account  of  the  properties  of  this  prin- 
ciple, the  history  of  the  substances  enumerated  under  this 
section,  and  principally  composed  of  it,  is  to  be  given. 

The  Skin,  which  forms  the  external  covering  of  the  ani- 
mal body,  consists  of  two  parts  capable  of  being  separated, 
and  possessed  of  different  chemical  characters ; the  exter- 
nal thin  covering  named  the  Cuticle  or  Epidermis ; and 
beneath  this,  a thicker  and  firmer  layer,  the  Cutis  or  True 
skin.  Between  these,  has  also  been  described  by  anato- 
mists a cellular  texture,  soft  and  gelatinous. 

The  first  of  them,  the  Cuticle,  is  nearly  inorganic.  When 
separated  from  the  other  parts,  which  it  may  be  in  the  liv- 
ing animal,  by  the  application  of  a blister,  or  when  the  skin 
has  been  detached  by  maceration  in  hot  water,  it  appears 
extremely  thin  and  transparent.  It  is  softened,  but  is  not 
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dissolved  in  water,  even  by  long  boiling,  a property  in  which 
it  differs  from  the  true  skin,  which  may  be  dissolved.  It 
is  equally  insoluble  in  alkohol.  Solutions  of  the  alkalis 
dissolve  it  easily,  forming  a kind  of  soap ; a mutual  action, 
which  we  perceive  well  exemplified  between  these  substan- 
ces, in  rubbing  a little  of  an  alkaline  ley  between  the  fin- 
gers, the  soapy  feel  being  strong.  Lime  acts  on  it  as  a 
solvent ; hence  the  advantage  of  lime  in  the  operation  of 
tanning;  it  removes  the  epidermis,  and  allows  the  true 
skin  to  be  penetrated  with  the  tanning  liquor  from  each 
surface.  The  acids  decompose  it:  sulphuric  acid  forms 
with  it  a kind  of  soapy  pulp,  and  chars  it:  nitric  acid  stains 
it  yellow.  Hatchet  considered  the  epidermis  as  principally 
indurated  albumen,  and  this  is  confirmed  by  Dr  John 
The  true  skin,  or  Cutis,  is  thicker  than  the  epidermis, 
and  consists  of  layers  interlaced : it  has  considerable  firm- 
ness and  elasticity.  When  macerated  in  water,  it  swells 
and  softens,  and  the  blood  and  other  animal  fluids  contain- 
ed in  it  are  dissolved.  If  boiled  strongly  in  water,  it  is 
dissolved,  and  this  solution  presents  all  the  characters  of 
gelatin  : it  is  precipitated  by  tannin,  and  by  nitro-muriate 
of  tin  ; and,  when  evaporated,  forms  a jelly  or  glue.  Se- 
guin,  in  his  researches  on  the  art  of  tanning,  observed,  that 
the  skin  in  its  dense  state  does  not  easily  combine  with  tan- 
nin ; he  regarded  it,  therefore,  as  gelatin  hardened  by  a 
slight  degree  of  oxidation.  Mr  Hatchet  has  observed  also 
the  difference  between  skin  and  pure  gelatin,  and  the  dif- 
ferences in  the  skin  of  different  animals,  in  the  jelly  or 
glue  they  afford  by  boiling  with  water.  All  the  varieties 
appear  to  be  essentially  gelatin  ; but  they  differ  in  the  de- 
gree of  consistence  which  they  communicate  to  water,  and 
in  the  facility  with  which  they  are  acted  on  by  tannin,  ni- 
tro-muriate of  tin,  nitric  acid,  and  other  re-agents ; those 
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which  are  least  consistent  and  viscid  being  dissolved,  and 
acted  on  with  most  facility  *.  The  most  flexible  skins  af- 
ford  gelatin  more  easily,  and  of  a less  viscid  quality,  than 
those  which  are  less  flexible.  In  the  arts,  the  diflfeieni 
kinds  of  size  and  glue  are  prepared  from  the  skins  of  dif- 
ferent animals,  the  skin  being  well  cleaned,  boiled  in  wa- 
ter until  it  is  dissolved,  and  the  decoction  evaporated  to 
the  due  consistence.  Carpenter’s  glue  is  made  from  the 
parings  of  hides  or  horns.  Size,  which  is  a softer  glue,  is 
prepared  from  the  clippings  of  parchment,  glove-leather, 
and  other  finer  kinds  of  skin. 

The  art  of  tanning  skin,  from  the  operation  of  tannin 
on  its  gelatin,  has  already  (page  230.)  been  described. 

Acids  act  on  skin,  and  decompose  it.  The  nitric  acid 
causes  an  evolution  of  nitrogen  gas  or  prussic  acid,  and  a 
formation  of  oxalic  acid ; the  skin,  or  the  glue  formed  from 
it,  dissolves,  and  the  liquor  acquires  a yellow  colour,  which 
becomes  deeper  when  it  is  saturated  with  ammonia.  Mu- 
riatic acid  dissolves  the  glue  formed  from  skin,  and  the  so- 
lution suffers  no  change  for  many  months. 

Skin  is  also  soluble  in  alkaline  solutions.  The  glues  form- 
ed from  it,  consisting  of  pure  gelatin,  are  also  dissolved. 

Skin  in  its  moist  state  is  liable  to  putrefaction  ; less  so, 
however,  the  more  dense  and  firm  it  is ; this  is  even  the 
case  in  a state  of  solution,  a solution  of  glue  being  longer 
in  showing  signs  of  putrefaction  than  a solution  of  tremu- 
lous animal  mucilage. 

Skin  is  decomposed  by  heat,  and  affords  the  usual  pro- 
ducts of  animal  matter. 

The  Cellular  Fibre,  or  net-work,  the  Rete  mucosum 
of  anatomists,  interposed  between  the  cutis  and  cuticle, 
has  been  little  examined,  and  indeed  cannot  be  detached 
from  the  other  parts.  It  is  the  seat  of  the  colour  of  the 
surface ; and  this  colouring  matter  can  be  acted  on  through 
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the  cuticle,  the  skin  of  the  negro  being  whitened  by  the 
action  of  oxymuriatic  acid,  as  Dr  Beddoes  ascertained, 
though  the  black  colour  is  resumed  in  a short  time. 

The  Membranes,  which  compose  so  large  a portion  ol 
the  soft  solids,  forming  the  cellular  texture,  the  coats  of 
the  vessels,  and  the  covering  of  the  viscera,  appear  to  be 
of  the  same  nature.  They  have  similar  flexibility,  and  they 
dissolve  more  or  less  completely  in  water,  forming  gelati- 
nous solutions. 


Sect.  XIII. — of  muscular  fibre. 


The  Muscles,  or,  in  common  language,  the  Flesh  ol 
Animals,  present  a fibrous  texture  ; and  their  basis,  from 
which  they  derive  this,  is  evidently  Fibrin.  They  consist 
almost  entirely  of  this  principle,  with  small  quantities  of 
fat,  albumen,  gelatin,  and  saline  matter  ; derived  partly  at 
least,  and  perhaps  entirely,  from  the  blood,  cellular  fibre, 
nerve  and  fat,  which  are  attached  to  it,  or  diffused  through  it. 

The  muscles,  in  the  different  orders  of  animals,  are  of 
the  colour  of  the  blood,  and  indeed  derive  their  colour 
from  it ; hence,  when  washed  with  water,  the  colour  is  re-, 
moved,  and  a white  substance  remains,  which  has  all  the 
properties  of  fibrin. 

The  water  which  has  been  employed  in  this  operation 
is  found,  besides  the  colouring  matter  derived  from  the 
blood,  to  contain  albumen,  gelatin,  saline  matter,  and  fat, 
the  last  probably  being  adventitious,  the  other  perhaps  be- 
ing constituent  parts  of  the  flesh.  By  heating  this  water 
gradually,  the  albumen  coagulates  and  separates  in  flakes ; 
if  these  be  removed,  and  the  liquor  farther  evaporated,  it 
becomes  gelatinous  when  cold  ; the  fat,  during  the  boiling, 
collects  on  the  surface.  By  this  simple  analysis  made  by 
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Thouvenel,  the  immediate  principles  of  muscle  are  dis- 
covered. 

Besides  these,  he  obtained  a peculiar  extractive  matter, 
by  evaporating  the  jelly  to  dryness,  and  treating  it  with 
alkohol : the  gelatin  and  saline  matter  remain  undissolved, 
and  the  alkohol  takes  up  this  peculiar  matter,  which,  by 
evaporation,  may  be  obtained  in  the  solid  form.  It  is  of 
a brownish  red  colour,  has  a pungent,  even  acrid  taste, 
and  an  odour  somewhat  aromatic : by  being  heated  a little 
more  than  is  necessary  to  dry  it,  it  boils  and  swells,  and 
assumes  the  odour  and  saccharine  taste  of  caramel.  It  is 
deliquescent,  and,  when  in  solution,  becomes  sour  from 
exposure  to  the  air,  passing  into  acetic  acid,  and  deposit- 
ing charcoal.  Subjected  to  destructive  distillation,  it  gives 
water,  ammonia,  and  acetic  acid  ; and  its  residual  charcoal 
contains  muriates  of  potash  and  soda. 

By  boiling  water  on  the  muscular  fibre,  previously  wash- 
ed, the  saline  matter  it  contains  is  dissolved.  Phosphates 
of  soda  and  ammonia  were  knowm  to  exist  in  the  solution  ; 
and,  from  Hatchet’s  experiments,  it  appears,  that  phos- 
phate and  carbonate  of  lime  are  also  present.  They  are 
more  abundant  in  the  muscle  of  beef  than  in  that  of  veal; 
and  hence  it  is  probable,  as  this  chemist  remarks,  that  the 
earthy  matter  is  more  abundant  in  the  coarse  and  rigid  fi- 
bre of  adult  and  aged  animals,  than  in  the  tender  fibre  of 
those  which  are  young.  In  young  animals,  the  gelatin  is 
more  abundant  in  the  muscular  fibre  than  in  those  of  advan- 
ced age ; in  the  latter,  the  fibrin  appears  to  predominate. 

When  the  entire  flesh  is  boiled  in  water,  its  principles 
are  more  completely  dissolved,  except  the  fibrin,  which  is 
in  part  dissolved,  but  which  partly  also  forms  threads  that 
float  in  the  liquor.  The  gelatin  and  albumen  are  detect- 
ed in  the  liquor  by  the  infusion  of  tannin.  Lime-water, 
or  ammonia,  produces  in  it  a slight  precipitate  of  phos- 
phate of  lime : oxalic  acid  detects  lime ; and,  according  to 
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Fourcrov,  nitrate  of  silver  indicates  the  presence  ol  inuii- 
atic  acid.  If  the  decoction  be  strained  and  evaporated,  it 
becomes  gelatinous ; and  by  being  boiled  sufficiently,  it 
becomes  solid  and  firm,  and  can  then  be  preserved  for  a 
long  time  without  injury.  Compositions  of  this  kind,  with 
the  addition  of  aromatics  and  a little  salt,  form  the  tablets 
of  portable  soup. 

When  flesh  is  exposed  to  the  air,  it  soon  becomes  taint- 
ed, and  at  length  putrid,— a change  which,  as  Mr  Hat- 
chet has  supposed,  depends  principally  on  the  presence  ol 
gelatin  ; as  he  found,  that  when  deprived  of  this  principle 
by  maceration  and  subsequent  boiling,  it  is  little  liable  to  this 
change.  Berthollet  found,  that  if  the  gelatin  be  removed 
by  boiling,  so  that  the  liquid  gives  no  precipitate  with  tan- 
nin, on  exposing  the  flesh  to  the  air  for  some  days,  oxygen 
is  consumed  and  carbonic  acid  formed  ; a putrid  odour  is 
acquired  \ and  there  is  a formation  of  gelatin,  so  that  the 
water  boiled  on  the  flesh  gives  a copious  precipitate  with 
tannin.  These  results  can  be  obtained  a number  of  times, 
though  to  a less  extent,  and  at  length  the  flesh  is  convert- 
ed into  a substance  resembling  cheese  *. 

When  the  air  is  excluded,  and  the  flesh  is  immersed 
under  water,  it  suffers  a peculiar  species  of  decomposition, 
in  consequence  of  wrhich  it  is  converted  into  a fatty  mattoi 
like  spermaceti,— a change  which  is  to  ueconsideied  under 
the  history  of  the  general  chemical  changes  to  which  ani- 
mal matter  is  liable. 

Exposed  to  heat,  flesh  affords  the  usual  products  of  the 
decomposition  of  animal  matter.  Berthollet,  examining 
the  acid  which  it  yields,  supposed  it  to  be  of  a peculiar 
nature  : he  named  it  the  Zoonic ; but  it  has  since  been  dis- 
covered to  be  the  acetic.  Five  hundred  grains  of  the  wash- 
ed muscular  fibre  of  beef,  left,  in  Mr  Hatchet’s  experiments, 
108  grains  of  charcoal,  which,  by  incineration,  afforded 
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25.6  grains  of  earthy  residuum,  the  greater  part  of  which 
was  carbonate  of  lime,  with  a small  proportion  of  phos- 
phate, and  a little  pure  lime. 

The  acids  decompose  the  muscular  fibre,  with  results 
nearly  the  same  as  those  produced  by  their  action  on  fibrin. 
The  action  of  nitric  acid  is,  in  particular,  important.  Ber- 
thollet  long  ago  remarked,  that  it  caused  an  evolution  of 
nitrogen  gas.  Mr  Hatchet  found,  that  washed  muscular 
fibre,  acted  on  by  nitric  acid  diluted  with  three  parts  of 
water  in  the  cold,  is  converted  into  a substance  soluble  in 
boiling  water,  and  analogous  to  gelatin  ; the  acid  acquires 
a yellow'  tinge  ; and  the  residual  matter  consists  principally 
ot  fat,  with  undecomposed  muscular  fibre.  When  the 
washed  flesh  is  acted  on  by  boiling  nitric  acid,  it  is  dissolv- 
ed ; the  solution  is  of  a yellow  colour,  and  a portion  of 
fatty  matter  floats  on  the  surface : ammonia  throws  down 
a precipitate  ot  oxalate,  with  a little  phosphate  of  lime. 
When  the  recent  muscle,  without  any  preparation,  is  dis- 
solved in  nitric  acid,  the  solution,  when  saturated  with  am- 
monia, becomes  of  a deep  orange  colour,  and  forms  ani- 
mal soap  with  the  alkalis  *. 

The  action  of  nitric  acid  on  the  muscular  fibre  was  in- 
vestigated more  minutely  by  Fourcroy  and  Vauquelin  f. 
The  gas  given  out  when  heat  was  applied,  the  acid  being 
diluted  with  an  equal  quantity  of  water,  they  found  to  con- 
sist of  nine-tenths  nitrogen  and  one-tenth  carbonic  acid. 
The  residuum  consisted  of  the  remains  of  the  flesh,  re- 
taining in  part  its  fibrous  appearance,  of  a yellow  colour, 
and  ot  a yellow  fatty  matter,  collected  on  the  surface  of 
the  liquor.  I he  residual  fibrous  matter  gave  to  boiling 
water  a yellowr  colour,  and  the  property  of  reddening  ve- 
getable blues  ; and  even  after  having  been  repeatedly  wash- 
ed, it  continued  to  give  colour,  though  no  longer  acidity. 
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Its  solution  in  alkalis  is  of  a blood-red  colour  : acids  pre- 
cipitate it  in  yellow  flakes.  It  feels  greasy  and  pitchy  ; has 
a rancid  smell,  and  a bitter  taste ; and  melts,  swells,  and 
gives  an  oily  vapour  when  heated.  It  was  found  to  satu- 
rate alkalis,  so  as  nearly  to  disguise  their  properties.  1 he 
yellow  matter  even  decomposes  the  alkaline  carbonates  in 
the  cold  with  effervescence,  and  likewise  the  solution  of 
acetate  of  potash,  with  the  assistance  of  a gentle  heat.  By 
the  application  of  alkohol,  this  substance  was  found  to  con- 
sist of  a small  quantity  of  unctuous  matter,  which  the  alko- 
hol takes  up,  and  of  an  acid,  which,  from  its  colour,  these 
chemists  named  Yellow  Acid.  This  acid,  when  freed  from 
the  fat  which  disguises  its  properties,  is  ol  a deeper  colour, 
reddens  more  strongly  the  vegetable  colours  ; it  no  longer 
melts,  and  does  not  exhale  the  odour  of  burnt  grease,  but 
foetid  and  ammoniacal  vapours.  It  combines  with  ammo- 
nia, which  it  deprives  of  its  odour.  Dissolved  in  fat,  it 
communicates  to  it  acidity  and  rancidness.  Subjected  to 
destructive  distillation,  it  gives  the  usual  products  of  the 
decomposition  of  animal  matter. 

The  acid  liquor  obtained  in  the  process  had  a yellow 
colour : when  saturated  with  carbonate  of  potash,  its  co- 
lour changed  to  orange  : afterwards  it  became  turbid,  and 
deposited  a small  quantity  of  orange-red  powder.  There 
is  thus  obtained  a small  portion  of  the  detonating  matter 
which  is  formed  in  the  action  of  nitric  acid  on  indigo. 
By  distillation,  a colourless  liquor,  of  a rancid  taste,  con- 
taining a little  ammonia,  was  obtained.  On  distilling 
the  liquor,  without  the  previous  addition  of  carbonate  ol 
potash,  a similar  colourless  fluid  passed  over:  what  le- 
mained  in  the  retort  had  become  yellow  by  concentration  : 
when  concentrated,  crystals  formed  in  the  midst  cl  a li- 
quor, viscid,  and  having  an  acrid  bitter  taste . on  the  ad- 
dition of  a little  potash,  it  became  of  a blood-red  colour  : 
mixed  with  alkohol,  it  gave  a precipitate,  consisting  of  a 
mixture  of  sulphate  of  lime  and  super-oxalate  of  potash. 
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It  gave  a second  precipitate  with  lime-water,  consisting  of 
oxalate  of  lime.  After  this  double  operation  of  alkohol 
and  lime-water  on  this  concentrated  liquor,  on  being  eva- 
porated farther,  it  was  converted  into  a brown  viscid  syrup, 
of  a bitter  taste ; which  being  again  mixed  with  alkohol, 
threw  down  a copious  precipitate  of  malate  of  lime,  the 
alkohol  retaining  dissolved  a portion  of  yellow  acrid  matter. 

There  are  thus  formed,  through  the  whole  of  this  ope- 
ration, 1st,  A yellow  insipid  matter,  of  little  solubility, 
though  acid,  and  which  immediately  succeeds  the  fleshy 
fibre.  L2.dly,  Another  yellow  matter,  bitter,  more  soluble, 
and  equally  acid,  which  remains  dissolved  in  the  nitric  li- 
quor. 3dly,  An  inflammable  detonating  substance,  which 
is  also  retained  in  solution  ; and,  lastly,  Oxalic  and  malic 
acid.  It  is  the  opinion  of  Fourcroy  and  Vauquelin,  that 
the  yellow  and  nearly  insoluble  matter  is  the  first  degree 
of  change  produced  upon  the  muscular  fibre : it  passes 
quickly  to  the  second  degree  of  alteration  and  of  acidity, 
whose  product  is  the  more  soluble  yellow  matter  ; this,  by 
a third  degree  of  alteration,  is  succeeded  by  the  inflam- 
mable detonating  substance,  being  the  third  and  last  term 
of  the  decomposing  action  of  nitric  acid.  They  attribute 
the  successive  formation  of  these  compounds  to  the  sub- 
traction of  part  of  the  azote,  and  of  a more  considerable 
portion  oi  the  hydrogen : by  this  means  there  remains  an 
excess  of  carbon  and  of  oxygen,  which  produces  the  state 
of  fat  and  acidity  already  noticed.  They  examined  if  the 
acidity  of  the  yellow  substances  arose  from  nitric  acid  ; but 
after  a carelul  investigation,  they  were  satisfied  that  it  was 
not  present.  I he  formation  of  oxalic  and  malic  acids 
they  considered  as  belonging  to  the  white  mucous  scales 
of  the  cellular  membrane,  from  finding,  by  comparative 
experiments  on  the  effects  of  nitric  acid  on  the  white  mem- 
branaceous organs,  that  they  furnished  these  acids,  and 
very  little  of  the  fat  yellow  matter. 

1 he  yellow  principle  obtained  in  these  experiments,  ap- 
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pears  to  have  some  relation  with  the  bile.  It  is  accoiding- 
ly  stated  by  these  chemists,  that  the  red  matter  of  biliary 
concretions,  when  separated  from  the  bitter  green  mattei 
with  which  it  is  combined,  displays  similar  properties  with 
the  yellow  fibrous  matter.  A substance  similar  to  it,  too, 
was  obtained  from  the  urine  ot  a person  labouring  undet 
jaundice,  by  evaporating  it,  and  treating  it  with  alkohol. 
They  suppose  even,  that  it  is  it  which  gives  the  yellow  co- 
lour to  bile. 

This  yellow  acid  and  bitter  matter  appear  to  be  analo- 
gous to  the  amer  and  yellow  acid  formed  by  the  action  of 
nitric  acid  on  indigo,  already  noticed  under  the  history  oi 
indigo.  According  to  'Ihenard  and  Chevreul,  they  aie 
compounds  ol  animal  matter  with  nitric  acid  ; and  the  com- 
bination is  so  intimate,  that  the  acid  is  not  abstracted  by 
potash ; but  is  discovered  only  when  the  compound  is  de- 
composed by  heat  *.  Berzelius,  as  has  been  already  stated 
under  the  history  of  the  blood,  considers  the  two  yellow 
products  as  compounds  ot  fibrin  and  nitric  acid ; the  in- 
soluble one  having  an  excess  of  acid,  the  soluble  being 
neutral. 


Sect.  XIV.— OF  TENDON,  LIGAMENT,  CARTILAGE,  HORN, 

HAIR,  &C. 

These  substances  differ  from  those  described  in  the  pie- 
ceding  sections,  in  their  greater  firmness  and  hardness ; 
and  they  form  a gradation  into  those  which  are  still  more 
highly  indurated,  bone  and  shell,  lhe  chemical  consti- 
tution of  some  of  them  has  been  only  imperfectly  investi- 
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gated.  Ligament,  tendon,  and  muscle,  it  is  observed  by 
Mr  Hatchet,  seem  to  glide  almost  imperceptibly  into  each 
other : they  are  connected  with  cartilage,  as  it  is,  on  the 
other  hand,  with  horn ; and  the  basis  of  all  of  them  ap- 
pears, from  the  experiments  of  this  chemist,  to  be  albu- 
men. I have  therefore  placed  them  under  one  section. 

The  Tendons,  which  are  cords  or  flat  sheaths  connect- 
ing the  muscles  with  the  bones,  have  a great  degree  of 
toughness  and  elasticity : their  texture  is  fibrous.  They 
are  with  difficulty  acted  on  by  water.  It  has  been  stated, 
that  by  long  boiling  they  are  dissolved,  and  their  solutions 
form  a jelly  or  glue:  they  may  afford  so  much  gelatin  as 
to  form  a gelatinous  fluid,  but  it  is  doubtful  if  they  are 
entirely  soluble. 

The  Ligaments  connect  and  bind  the  bones  together 
at  their  articulations:  they  are  fibrous  in  their  texture, 
the  fibres  running  longitudinally ; are  possessed  of  great 
strength  and  cohesion  ; can  be  stretched  out,  have  a degree 
of  elasticity,  and  are  not  easily  broken.  When  boiled  in 
water,  they  afford  a portion  of  gelatin,  the  water  being 
rendered  turbid  by  infusion  of  tannin  ; but  the  entire  sub- 
stance cannot  be  dissolved,  and  it  even  often  remains,  after 
the  boiling,  with  its  texture  little  altered.  Its  basis,  there- 
fore, is  not  gelatin,  but  appears  rather  to  be  indurated  al- 
bumen. 

Cartilage  forms  the  transition  to  bone  : it  has  so  much 
induration,  as  to  require  some  exertion  of  force  to  bend  it ; 
and  in  a morbid  state,  is  often  so  highly  indurated  as  to  be 
ossified.  Bone,  on  the  other  hand,  is  in  the  first  stages  of 
its  formation  and  growth  cartilaginous  ; it  sometimes  be- 
comes so,  too,  from  disease : and  a cartilaginous  matter 
exists  in  the  hardest  bones,  and  forms  their  basis,  from 
which  the  other  ingredients,  the  gelatin  and  earthy  matter, 
may  be  removed  by  their  solvents. 

Cartilages  are  solid,  but  soft  and  easily  cut ; highly  elas- 
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tic,  dense  in  their  texture,  white  and  semi-transparent. 
They  cover  the  articulated  extremities  of  bones,  or  some- 
times form  distinct  parts. 

The  chemical  properties  of  cartilage  are  not  very  well 
determined,  and  appear  to  vary  in  different  cartilages. 
Thus  Mr  Hatchet  has  remarked,  that  the  cartilages  ot  the 
articulations  are  completely  soluble  when  long  boiled  with 
water ; but  this  does  not  happen  when  other  cartilages  are 
thus  treated  *.  They  are,  however,  softened  by  macera- 
tion in  water,  and  by  long  boiling  are  nearly  entirely  dis- 
solved. 

The  little  action  exerted  even  by  the  more  powerful  che- 
mical re-agents  on  cartilage,  is  shewn  by  the  fact,  that  in 
subjecting  bone  to  the  action  of  diluted  muriatic  or  nitric 
acid,  though  the  gelatin  and  the  phosphate  of  lime  aie  dis- 
solved, the  cartilaginous  part  remains  undissolved,  trans- 
parent, and  presenting  the  figure  ot  the  bone.  The  con- 
centrated acids  erode  or  dissolve  it. 

As  the  matter  of  cartilage  thus  differs  from  gelatin,  and 
as  it  is  comparatively  insoluble  and  inactive,  it  is  pioba- 
bly,  as  Mr  Hatchet  supposed,  indurated  albumen.  The 
same  matter  he  considers  as  the  essential  part  of  horn,  hair, 
feather,  quill,  hoof,  nail,  and  shell,  varying  only  in  its  con- 
sistency from  a soft  jelly  to  an  elastic,  brittle,  and  haid  bod^ 
like  tortoise  shell,  but  in  all  these  of  similar  chemical  pro- 
perties. From  experiments  on  these  bodies,  which  did  not 
give  any  essential  difference  in  the  results,  it  appears,  that 
this  matter  is  softened  when  boiled  in  water,  and  the  water 
becomes  slightly  turbid  with  nitro-muriate  of  tin,  but  suf- 
fers no  change  from  the  tanning  principle.  Muriatic  and 
sulphuric  acids  have  little  effect  on  it  unless  heated.  The 
same  is  the  case  with  nitric  acid  much  diluted,  or  in  the 
state  proper  to  extract  and  separate  gelatin  ; but  if  the  im- 
mersion in  the  dilute  acid  be  continued  during  some  weeks, 


* Philosophical  Transactions,  1810,  p.  5/0* 
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the  acid  acquires  a yellow  tinge,  and,  when  saturated  with 
ammonia,  becomes  of  a deeper  colour  without  having  its 
transparency  impaired.  The  substance  macerated  is  soften- 
ed and  becomes  more  transparent : if  immediately  immer- 
sed in  pure  ammonia,  its  colour  changes  to  a deep  orange, 
inclining  to  blood  red,  and  it  is  gradually  dissolved ; if 
washed  in  distilled  water  and  boiled,  it  is  dissolved,  and 
forms  a liquor,  precipitated  like  gelatin  by  infusion  of  tan- 
nin and  nitro-muriate  of  tin.  If  the  nitric  acid  is  not  suf- 
ficiently diluted,  or  if  heat  be  applied,  the  whole  is  rapidly 
dissolved  with  effervescence.  The  fixed  alkalis  combine 
with  this  principle  in  all  its  varieties,  and  form  saponaceous 
compounds,  ammonia  being  disengaged  during  the  combi- 
nation, and  charcoal  precipitated.  Decomposed  by  heat 
it  gives  a small  portion  of  water,  some  carbonate  of  am- 
monia, a foetid  empyreumatic  oil,  carburetted  hydrogen, 
and  carbonic  acid  gases  and  prussic  acid.  Its  coal  affords 
little  saline  matter,  principally  phosphates. 

Mr  Hatchet,  from  some  comparative  experiments  on 
pure  coagulated  albumen  dried,  obtained  results  almost 
precisely  the  same.  There  can  be  therefore  little  doubt, 
that  albumen  is  the  basis  of  the  substances  above  described, 
existing  in  them,  with  variable  proportions  of  gelatin,  and 
sometimes  with  phosphate  and  carbonate  of  lime.  These 
earthy  salts  he  considers  as  not  essential  to  the, constitution 
of  cartilage,  but  when  present,  as  extraneous  or  foreign  to 
the  composition  *. 

The  chemical  nature  of  Horn  is  similar  to  that  of  car- 
tilage ; and  with  regard  to  physical  qualities,  it  differs  little 
except  in  its  greater  induration.  It  is  hard,  so  as  not  to 
be  easily  bent,  unless  when  artificially  softened,  but  it  can 
be  easily  pared  or  cut ; its  texture  is  close  and  smooth,  and 
it  is  more  or  less  transparent.  When  heated,  it  is  soften-. 
"?d,  and  is  then  capable  of  being  moulded  into  any  form. 

* Philosophical  Transactions,  ] 709. 
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Shavings  of  the  horns  of  different  animals,  when  boiled 
a long  time  in  water,  were  found  by  Mr  Hatchet  to  afford 
small  quantities  of  gelatin  : the  most  flexible  horns  yielded 
the  largest  quantity,  and  most  easily ; and  when  deprived 
of  it,  and  allowed  to  dry  spontaneously,  they  became  more 
rigid  and  more  easily  broken  : this  residual  matter  Mr 
Hatchet  regarded  as  indurated  albumen,  a conclusion  con- 
firmed by  John.  He  found  farther,  that  they  yield  a quan- 
tity of  phosphate  of  lime,  so  small  that  it  can  scarcely  be 
regarded  as  an  essential  ingredient. 

These  observations  apply  to  the  horns  of  the  ox,  ram, 
goat,  and  chamois ; it  is  singular,  that  the  stag’s  or  buck  s 
horn  is  of  a very  different  nature,  as  is  evident  from  the 
products  it  has  been  long  known  to  afford  when  decom- 
posed by  heat,  which  are  analogous  to  those  of  bone.  Mr 
Hatchet  has  accordingly  remarked,  that  like  bone  it  af- 
fords much  phosphate  of  lime  and  gelatin. 

Hoof  appears  to  be  not  only  of  a mechanical  structure, 
but  likewise  of  a chemical  composition  similar  to  horn ; 
the  shavings  of  ox’s  hoof,  when  long  digested  in  water, 
affording,  as  Mr  Hatchet  found,  a liquor  which  is  only 
made  slightly  turbid  by  nitro-muriate  of  tin. 

The  matter  of  the  Nail  is  in  like  manner  softened  by 
digesting  in  boiling  water  for  several  days,  and  affords  a 
slight  cloud  on  the  addition  of  nitro-muriate  of  tin.  It  too 
consists  of  indurated  albumen. 

Similar  results  were  afforded  by  the  horny  scales  of  ser- 
pents and  lizards,  as  well  as  of  certain  insects,  and  by  tor- 
toise shell ; and  there  can  be  little  doubt  that  these  are  of 
the  same  chemical  composition  as  horn. 

Feather  and  Quill,  chemically  considered,  appear  to 
be  similar  to  these,  and  to  have  the  same  basis  of  indura- 
ted albumen.  Digested  in  boiling  water,  they  did  not  af- 
ford any  trace  of  gelatin  by  the  test  of  the  tanning  pi  in 
ciple,  but  nitro-muriate  of  tin  produced  a faint  cloud. 

Even  Hair,  though  apparently  remote  from  these  sub- 
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stances  in  mechanical  structure,  appears  to  be  the  same, 
or  nearly  so,  in  chemical  composition.  Mr  Hatchet  found, 
that  when  it  was  long  digested  with  distilled  water,  it  im- 
parted a small  portion  of  gelatin,  which  was  precipitated 
by  tannin,  and  by  nitro-muriate  of  tin  ; and  when  the  hair 
after  this  was  dried  in  the  air,  its  flexibility  and  elasticity 
were  much  diminished ; it  was  also  little  liable  to  farther 
spontaneous  change,  and  had  all  the  characters  of  indu- 
rated albumen.  Vauquelin  submitted  hair  to  a more  mi- 
nute examination.  He  found,  that  though  insoluble  in 
water  boiling  under  a common  pressure,  it  may  be  dissolved 
in  Papin’s  digester,  when  the  temperature  is  higher.  If 
the  temperature  was  raised  high,  the  hair  even  suffered  de- 
composition, carbonate  of  ammonia,  cmpyreumatie  oil,  and 
sulphuretted  hydrogen  being  evolved.  When  the  solution 
of  hair  is  thus  effected,  an  oily  matter  is  separated,  and 
the  liquor  gives  copious  precipitates  with  infusion  of  galls 
and  with  oxymuriatic  acid.  It  is  also  rendered  turbid  by 
the  other  acids,  but  an  excess  of  acidity  restores  its  trans- 
parency. It  does  not  gelatinize,  even  when  much  concen- 
trated by  evaporation.  A dilute  solution  of  potash  dis- 
solves it,  hvdro-sulphuret  of  ammonia  being  evolved,  while 
a little  oil,  sulphur,  and  iron,  remain  undissolved.  The 
acids  gradually  dissolve  and  decompose  it,  nearly  with  the 
same  results  as  are  given  by  analogous  animal  substances. 
Alkohol  digested  on  hair,  extracts  a portion  of  oil,  or  rather 
two  oily  fluids  differing  in  colour,  and  differing  according 
to  the  colour  of  the  hair  itself.  From  black  hair,  there  first 
separates,  as  the  alkohol  cools,  an  oily  matter  in  white  scales; 
and,  on  evaporating  the  alkohol,  a concrete  dark-coloured 
oil : from  red  hair  there  are  obtained,  first  a white,  and 
afterwards  red  oil : the  colour  of  the  hair  seems  to  reside 
in  this  oily  matter,  and  also,  as  Vauquelin  supposes,  in 
the  darker  coloured  hair,  on  sulphuretted  iron ; this  colour 
is  destroyed  by  oxymuriatic  acid  gas.  He  found  hair,  on 
incineration,  to  afford  phosphate,  sulphate,  and  carbonate 
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01  lime,  muriate  of  soda,  silex,  magnesia,  and  oxides  of 
iron  and  manganese,  the  whole  amounting  to  a very  small 
proportion  of  the  hair,  and  varying  in  hair  of  different 
colours 

The  structure  of  hair  appears  close,  and  its  surface, 
even  when  viewed  with  the  microscope,  smooth.  Yet,  as 
Monge  has  observed,  it  is  certain  that  it  is  not  equally 
smooth  when  rubbed  in  different  longitudinal  directions, 
but  is  composed  either  of  scales  like  those  of  fish,  or  im- 
bricated zones  like  the  horns  of  animals ; hence  its  ten- 
dency to  be  entangled  : on  the  same  property  is  founded 
the  art  of  felting  hair,  subservient  to  that  of  hat  making. 
The  details  of  this  art  are  stated  by  Chaussier  f,  and  in  a 
memoir  by  Mr  Nicholson 

Wool  is  a finer  kind  of  hair.  It  has  one  characteristic 
property  of  what  Mr  Hatchet  regards  as  indurated  albu- 
men, that  of  forming  a soap  with  alkalis,  and  this  in  so 
high  a degree,  that  it  was  proposed  by  Chaptal  to  be  em- 
ployed as  a substitute  for  oil  or  fat  in  the  manufacture  of 
soap  ; woollen  rags  or  clippings  of  wool  being  boiled  in  an 
alkaline  ley  to  saturation  : the  product  is  a soft  soap  of  a 
grey  colour,  soluble  in  water,  and  possessed  of  sufficient 
detersive  power  [|.  It  has  not  been  established  in  use, 
partly  as  it  gives  a grey  colour  to  the  thread  or  cloth,  and 
hence  could  not  be  applied  to  linen,  and  partly  from  its 
disagreeable  smell,  which  is  only  imperfectly  removed  by 
exposure  to  the  air.  It  is  not  improbable,  that  it  might 
be  used  with  advantage  in  cleansing  wool  previous  to  dye- 
ing ; and  from  the  observations  of  Chaptal,  it  is  probable 
that  it  may  act  as  a mordant. 

From  the  experiments  of  Berthollet  it  appears,  that  wool 


* Nicholson’s  Journal,  vol.  xv.  p.  141. 
t Ibid.  4to,  vol.  i.  p.  599. 
f Ibid.  vol.  iii.  p.  25.  73. 
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acted  on  by  nitric  acid  affords  oxalic  acid  and  a fatty  mat- 
ter ; the  same  products,  with  a less  proportion  of  the  for- 
mer, being  afforded  by  hair.  He  found  too,  that  wool  is 
dissolved  by  sulphuric  and  muriatic  acids,  ammonia  being 
formed,  and  charcoal  deposited. 

With  the  substances,  the  chemical  history  of  which  hag 
now  been  given,  may  lastly  be  associated  Silk,  as  con- 
nected with  them  in  properties  and  chemical  relations. 
The  fibres  of  silk  are  spun  by  the  caterpillar  of  a species 
of  phalena,  the  Phalena  Bombyx,  a native  of  China ; the 
silk  worms,  however,  have  been  naturalized  in  several 
countries.  The  silk  is  inclosed  in  two  small  bags,  in  very 
fine  fibres  of  different  shades  of  colour,  from  a white  to  a 
faint  yellow  or  red,  shining  from  a varnish  with  which  it 
is  naturally  covered,  and  from  wrhich  it  deiivcs  stiffness 
and  elasticity : this  varnish  is  soluble  in  water,  but  not  in 
alkohol ; and  its  watery  solution  gives  a precipitate  with 
tannin.  The  colouring  matter  appears  not  to  be  essential 
to  silk ; it  is  soluble  in  alkohol,  and  approaches  in  its  pro- 
perties to  a resin.  To  adapt  it  to  use,  silk  is  freed  from 
these  substances,  principally  by  the  action  of  weak  alkaline 
leys,  soap,  alkohol,  and  diluted  acids,  and  especially  the 
muriatic  acid  diluted  with  alkohol  according  to  the  process 
for  bleaching  silk,  discovered  by  Beaume  *. 

Silk  is  not  soluble  in  w'ater,  even  at  a boiling  heat : it 
is  equally  insoluble  in  alkohol.  The  alkaline  leys  dissolve 
and  decompose  it,  ammonia  being  evolved.  The  acids 
erode  and  dissolve  it.  Nitric  acid  renders  it  yellow,  dis- 
engages  nitrogen  gas,  forms  prussic  acid,  and,  according 
to  Berthollet,  oxalic  acid,  with  a portion  of  fatty  matter. 
This  action  was  examined  by  Welter  f;  he  discovered, 
that,  by  the  repeated  distillation  of  nitric  acid  from  silk, 
a peculiar  matter,  which  he  named  Bitter  Principle,  is 

* Nicholson’s  Journal,  4to,  vol.  i.  p.  52. 
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formed  : il  is  of  a golden  yellow  colour,  soluble  in  water 
and  in  alkohol,  capable  of  crystallizing  on  cooling,  inflam- 
mable, and  having  a very  bitter  taste ; it  appears  to  be  the 
same  substance  as  the  yellow  bitter  acid  already  noticed,  as 
formed  by  the  action  of  nitric  acid  on  the  muscular  fibre. 

Silk  is  decomposed  by  heat,  and  affords  the  usual  pro- 
ducts of  animal  matter.  The  proportion  of  carbonate  of 
ammonia  is  very  large. 

The  silk-worm  forms  an  acid  liquor,  which  was  imper- 
fectly examined  by  Chaussier.  On  the  supposition  that  it 
was  a particular  acid,  it  received  in  the  new  nomenclature 
the  name  of  Bombic  Acid  ; but  there  is  reason  to  believe 
that  it  and  some  other  acids  formed  by  insects,  are  acetic 
acid  slightly  disguised.  That  secreted  by  the  ant,  and 
named  Formic  Acid,  had  been  considered  as  a peculiar 
acid  by  Margraaf  and  Arvidson,  who  examined  its  pro- 
perties ; but  Fourcroy  and  Vauquelin  affirmed  it  to  be  a 
mixture  of  acetic  with  phosphoric  acid,  and  a little  animal 
matter  *.  Gahlen  has  since  examined  it,  procuring  it  by 
first  super-saturating  the  acid  liquor  from  the  ant  by  car- 
bonate of  potash  ; decomposing  and  distilling  by  means  of 
sulphuric  acid  ; combining  the  distilled  acid  with  oxide  of 
copper,  and  again  decomposing  this  formiate  by  sulphuric 
acid.  This  distilled  acid  had  a peculiar  taste  and  odour, 
with  a greater  specific  gravity  than  that  of  concentrated 
acetic  acid.  It  saturated  different  proportions  of  bases 
from  those  saturated  by  acetic  acid,  and  afforded  different 
salts  f . Berzelius  has,  from  its  analysis  in  his  usual  me- 
thod, given  as  its  composition,  carbon  32.970,  oxygen 
G4.223,  and  hydrogen  2.S07  f.  But  these  are  the  pro- 
portions as  inferred  from  it  in  the  state  in  which  it  exists 
in  formiate  of  lead,  in  the  formation  of  which  there  will 


* Annales  da  Museum  d’Histoire  Naturelle,  tom.  ix.  p.  411. 
t Annales  de  Chimie,  tom.  Ixxxiii.  p.  208. 
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probably  be  a formation  of  water,  the  oxygen  and  hydro- 
gen of  which  therefore  require  to  be  added  to  give  the  real 
composition.  With  this  correction,  the  proportion  of  oxy- 
gen to  carbon  will  probably  be  found  to  be  that  constitu- 
ting carbonic  acid,  and  the  proportion  of  hydrogen  that 
existing  in  super-carburetted  hydrogen. 


Sect.  XV. — of  bone  and  shell. 

The  substances  to  be  described  under  this  section  are 
distinguished  by  the  large  quantity  of  earthy  matter  which 
enters  into  their  composition,  and  communicates  to  them 
solidity,  hardness,  and  other  characters  : phosphate  of  lime 
is  predominant  in  bone,  carbonate  of  lime  in  shell,  though 
each  frequently  contains  portions  of  both  these,  and  some- 
times phosphate  of  magnesia. 

f Bone,  which  composes  the  most  solid  part  oi  the  ani- 
mal frame,  giving  figure  to  the  whole,  and  serving  as  the 
support  of  motion,  and  the  covering  with  which  many  of 
the  organs  are  protected,  presents  some  varieties  of  struc- 
ture and  of  form.  In  general,  the  bones  appear  to  be  com- 
posed of  laminae  in  more  or  less  perfect  adhesion.  Flat 
bones  are  dense  towards  the  surface,  while,  in  the  middle 
or  inner  part,  the  laminae  separate,  and  the  texture  is 
spongy.  In  the  long  cylindrical  bones,  the  external  sur- 
face is  dense ; but  towards  the  internal  part  the  density  is 
diminished,  a spongy  or  cavernous  structure  is  apparent, 
and  there  is  a cavity,  in  which  a matter  of  a fatty  nature, 
the  marrow,  is  contained  ; a portion  of  this  appears  even 
to  be  diffused  through  the  more  dense  part  of  the  bone. 
Externally,  the  bones  are  covered  by  a membrane,  the 
Periosteum,  and  they  are  penetrated  by  blood-vessels,  ab- 
sorbents, and  nerves. 
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Bone  admits  of  a simple  analysis,  by  which  its  imme- 
diate principles  are  discovered.  When  boiled  in  water, 
the  decoction  is  found  to  contain  a considerable  portion  of 
gelatin,  and,  if  the  boiling  has  been  long  continued,  con- 
cretes into  a jelly  on  cooling.  It  the  bones  be  previously 
rasped,  the  quantity  of  gelatin  obtained  is  much  larger ; 
and  in  this  way,  as  Proust  has  shewn,  bones  may  be  eco- 
nomically used  to  prepare  a nutritious  article  of  diet  *. 

During  the  boiling  of  bones  in  water,  a portion  ol  fatty 
matter  collects  on  the  surface.  This  may  be  derived  from 
the  marrow  diffused  through  the  bone,  and  can  scarcely 
be  considered  as  essential  to  the  bony  matter.  It  is  also 
extracted  along  with  the  gelatin  by  alkaline  solutions. 

If  a piece  of  bone  be  digested  in  dilute  muriatic  or  ni- 
tric acid,  the  gelatin  and  earthy  matter  are  dissolved,  and 
there  remains  a firm  cartilaginous  substance,  presenting 
the  figure  of  the  bone.  By  this  experiment  cartilage,  con- 
sidered by  Hatchet  as  analogous  to  albumen,  is  proved  to 
be  a constituent  ingredient  of  bone.  If  the  acid  be  much  di- 
luted, the  earthy  matter  only  is  dissolved,  and  the  gelatin 
and  cartilage  remain.  This  has  been  employed  by  Dar- 
cet,  as  an  economical  method  of  procuring  the  animal  mat- 
ter of  bones  for  nutrition,  and  is  preferable  to  the  converse 
mode  of  extracting  the  gelatin  from  the  earthy  matter  by 
strong  boiling,  as  in  the  latter  the  extraction  is  only  im- 
perfect, and  the  continued  heat  gives  an  unpleasant  taste. 
The  process  he  employs,  is  to  submit  the  bones  to  very  di- 
lute muriatic  acid,  and  after  the  earthy  matter  is  dissolved, 
to  wash  the  residual  gelatin  thoroughly  with  cold  water. 
It  then  dissolves  easily  in  water  by  boiling  f. 


* Nicholson’s  Journal,  Svo,  vol.  i.  p.  100. 
t Philosophical  Magazine,  vol.  xlvi.  p.  17.  Some  details  with 
regard  to  both  methods  of  extracting  the  nutritive  matter  from 
bones,  are  given  on  the  authority  of  a Society  of  Geneva,  Annaft 
f Philosophy,  vol.  xi.  p.  106. 
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From  the  quantity  of  animal  matter  which  bone  con- 
tains, it  affords,  when  exposed  to  heat  in  close  vessels,  a 
large  quantity  of  carbonate  of  ammonia,  with  a foetid  oil ; 
and  this  process  is  followed  on  a large  scale,  to  procure 
ammonia.  The  water  which  distils  over,  contains,  ac- 
cording to  Fourcroy,  a little  prussic  and  sebacic  acids  sa- 
turated with  ammonia;  carbonic  acid,  carburetted,  and  sul- 
phuretted hydrogen  gases,  are  disengaged.  When  heated 
in  an  open  fire,  the  oil  of  the  bone  is  melted,  and  burns 
with  a foetid  odour.  The  bone  is  charred  ; but  by  conti- 
nuing the  application  of  heat,  it  becomes  white,  when 
there  remains  merely  the  earthy  salts  which  it  affords. 
This  forms  a porous  mass,  which  cannot  be  vitrified  but 
by  a very  intense  heat. 

If  bones  be  calcined  in  an  open  fire,  the  animal  matter 
they  contain  is  decomposed  and  burnt  out,  and  they  are 
converted  into  a white  earthy-like  substance,  retaining  the 
figure  and  even  the  structure  of  the  bone.  This  is  what  the 
chemists  formerly  termed  the  earth  of  bones.  Gahn  dis- 
covered it  to  be  phosphate  of  lime.  It  is  likewise  separated 
during  the  decoction  of  bone  in  water  under  increased 
pressure,  by  which  the  temperature  being  more  elevated, 
the  cartilage  is  softened,  and  the  gelatin  completely  dis- 
solved : it  is  also  dissolved  by  the  action  of  an  acid  on  bone. 
Along  with  this  phosphate  of  lime  are  smaller  portions  of 
other  earthy  salts,  chiefly  carbonate  and  sulphate  of  lime. 
A little  carbonate  exists  in  the  recent  bone;  but  the  greater 
part  of  it  found  in  the  burnt  bone,  as  well  as  the  sulphate, 
appear  to  be  products  of  the  combustion,  while  the  phos- 
phate of  lime  is  evidently  an  essential  ingredient.  Four- 
croy and  Vauquelin  found,  in  the  bones  of  the  ox,  horse, 
sheep,  and  of  birds,  phosphate  of  magnesia,  while  they 
could  not  discover  it  in  human  bones ; a singularity  which, 
they  observed,  is  probably  connected  with  the  fact,  that 
phosphate  of  magnesia  is  contained  in  the  urine  of  man, 
but  not  in  that  of  other  animals;  that,  therefore,  this 
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earth  is  discharged  from  the  human  system  by  this  excie- 
tion,  instead  of  being  deposited  in  the  bones.  Berzelius, 
however,  discovered  a portion  of  it  in  human  bone ; and 
by  a more  recent  investigation,  the  former  chemists  also 
found  a small  portion  ot  magnesia  in  human  bone,  lhey 
likewise  found  minute  portions  of  alumina  and  silica,  man- 
ganese and  iron  *.  Berzelius  farther  detected  fluate  of 
lime. 

The  minute  analysis  ol  burnt  bone  is  effected  by  the  a- 
pency  of  the  acids.  When  the  acid  is  added  to  it  in  powder, 
effervescence  is  excited,  from  the  disengagement  ol  the  cai  - 
bonic  acid  of  the  carbonate  of  lime ; the  gas  has  also  a 
pungent  smell,  which  has  been  ascribed  to  the  presence  ot 
prussic  acid,  but  may  be  owing  to  fluoric  or  sulphurous 
acid.  If  sulphuric  acid  has  been  employed  in  the  decom- 
position, a large  quantity  of  sulphate  of  lime  is  formed,  and 
a super-phosphate  of  lime  is  produced,  soluble  in  water, 
which  is  therefore  carried  off  by  washing,  a process  which, 
as  has  been  already  remarked,  is  followed  to  procure  that 
acid  for  the  preparation  of  phosphorus.  If,  instead  of  sul- 
phuric, nitric  acid  be  employed  in  the  analysis,  the  con- 
stituent parts  of  the  burnt  bone  are  better  discovered.  It 
is  entirely  dissolved  ; the  carbonic  acid  of  the  carbonate  ol 
lime  is  disengaged  during  the  solution,  and  may  be  collect- 
ed : the  phosphate  of  lime  may  be  precipitated  by  the  ad- 
dition of  pure  ammonia:  by  adding  to  the  residual  liquor 
nitrate  of  barytes,  sulphuric  acid  is  detected  ; and  from  the 
quantity  of  precipitate,  the  proportion  of  sulphate  of  lime, 
from  the  decomposition  of  which  it  had  originated  may 
be  inferred.  To  discover  the  quantity  ot  lime  which  had 
been  combined  with  the  carbonic  acid  disengaged  during 
the  solution,  Mr  Hatchet  added  carbonate  ot  ammonia, 
and  obtained  a precipitate  of  carbonate  of  lime,— a method 
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not  unexceptionable,  since  the  precipitate  might  in  pari 
arise  from  the  decomposition  of  the  sulphate  of  lime  in 
solution ; or,  where  this  had  been  decomposed  by  a pre- 
vious addition  of  nitrate  of  barytes,  from  the  nitrate  of  lime 
which  must  thus  have  remained  in  the  liquor.  The  quan- 
tity produced,  however,  Mr  Hatchet  observes,  was  much 
greater  than  the  quantity  of  sulphuric  acid,  indicated  by 
the  precipitation  of  barytes,  could  have  saturated.  The 
phosphate  of  magnesia,  which  Fourcroy  and  Vauquelin 
discovered  in  the  burnt  bones  of  the  inferior  animals,  w as 
detected  by  precipitating  the  liquor  obtained  from  the  mix- 
ture of  burnt  bones  and  sulphuric  acid,  by  ammonia,  add- 
ing the  ammonia  in  excess.  The  precipitate  consists  of 
phosphate  ot  lime  and  phosphate  of  magnesia  and  ammo- 
nia : to  separate  these,  it  was  boiled  in  a solution  of  pot- 
ash, which  disengages  the  ammonia,  and  attracts  the  acid 
of  the  magnesian  ammoniacal  phosphate,  leaving  the  mag- 
nesia mixed  with  the  phosphate  of  lime.  These  are  sepa- 
rated by  boiling  them  in  acetous  acid,  which  dissolves  the 
former,  leaving  the  latter  undissolved : from  the  solution 
of  acetate  of  magnesia,  the  magnesia  may  be  precipitated 
by  carbonate  ol  soda ; and  the  carbonate  of  magnesia,  if 
free  from  lime,  will  form  a transparent  solution  with  sul- 
phuric acid.  The  quantity  of  phosphate  of  magnesia  a- 
inounts  to  about  a fortieth  part  of  the  calcined  bone. 

The  sulphate  and  carbonate  of  lime,  indicated  by  the 
analysis  in  calcined  bone,  may  be  products  of  the  calcina- 
tion, and  not  constituent  parts  of  the  bone.  In  the  bony 
matter,  there  probably  exists  more  lime  than  the  phospho- 
ric acid  can  saturate  : carbonic  and  sulphuric  acids  will  be 
formed  during  the  calcination  of  the  bone,  from  the  de- 
composition ol  the  animal  matter,  of  w hich  the  bases  of 
these  acids  are  elements ; and  they  will  be  attracted  by  the 
excess  ol  lime.  A portion  of  carbonate  of  lime  is  indeed 
indicated  in  recent  bone  by  Mr  Hatchet’s  experiments,  a 
.slight  effei  vescence  attending  its  solution  in  an  acid  ; but 
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the  quantity  appears  to  be  inconsiderable,  and  by  Merat- 
Guillot  it  is  stated,  in  the  bones  of  land  animals,  to  a- 
mount  to  not  more  than  1.5  in  100  parts  *. 

The  entire  quantity  of  lime  and  of  phosphoric  acid  con- 
tained in  bones,  may  probably  be  best  determined  by  the 
method  pointed  out  by  Fourcroy  and  Yauquelin, — preci- 
pitation of  the  lime  by  oxalic  acid  from  the  solution  of  cal- 
cined bone  in  diluted  nitric  acid.  The  liquid  may  be  eva- 
porated, and  by  a strong  heat  the  nitric  acid  may  be  ex- 
pelled, leaving  the  concrete  phosphoric  acid  ; or  the  phos- 
phoric acid  may  be  precipitated  by  acetate  ot  lead.  1 he 
minute  details  of  the  complicated  analysis  ot  bone,  are 
given  by  these  chemists  in  their  memoirs  on  this  subject  f. 

Bone  is  not  much  liable  to  spontaneous  decomposition  ; 
even  the  animal  matter  sutlers  little  change  for  a long  pe- 
riod ; the  re-action  of  its  elements,  as  well  as  the  action 
of  air  and  humidity,  being  prevented  by  the  solidity  com  - 
municated by  the  phosphate  of  lime : hence  bones  which 
have  been  buried  in  the  earth  retain  a large  quantity  of  it, 
as  Merat-Guillot  found  }.  In  fossil  bones,  however,  or 
those  which  have  been  long  buried,  and  have  in  conse- 
quence undergone  some  changes,  particularly  from  the  in- 
filtration of  carbonate  of  lime,  the  animal  matter  appear- 
ed, from  Mr  Hatchet’s  examination,  to  have  been  com- 
pletely removed;  and  the  phosphate  of  lime  remained  in- 
termixed with  the  carbonate  of  lime ; the  latter  substance, 
by  its  chemical  agency,  probably  having  contributed  to  the 
decomposition  of  the  animal  matter.  Vauquelin,  in  exa- 
mining fossil  bone  or  ivory,  found  in  different  specimens, 
different  quantities  of  animal  matter  remaining,  some  losing 
45  per  cent,  by  calcination,  others  not  more  than  15  ||. 


* Annales  tie  C'himie,  tom.  xxxiv.  p.  71. 
t Nicholson’s  Journal,  vol.  viii.  p.  86.  xxx.  p.  256, 
j;  Annales  de  Chimie,  tom.  xxxiv. 
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The  body  of  the  teeth  of  animals  is  bone,  and  presents 
the  same  chemical  results.  It  dissolves,  Mr  Hatchet  re- 
marks, with  a feeble  effervescence  in  dilute  nitric  acid, 
leaving  its  cartilaginous  basis  retaining  the  shape  of  the 
tooth.  The  external  covering,  or  Enamel,  is  different. 
Mr  Hunter  remarked,  that  when  immersed  in  an  acid,  it 
left  no  cartilaginous  part ; and  Hatchet  found,  that  when 
exposed  to  heat,  it  emitted  little  or  no  smoke  or  empyreu- 
matic  odour.  Josse  obtained  the  same  results,  and,  when 
boiled  in  water,  the  decoction  gave  so  slight  a precipitate 
with  tannin,  as  scarcely  to  indicate  the  presence  of  gelatin ; 
neither  was  it  softened  by  boiling  in  water  under  increased 
pressure  *.  It  appears,  therefore,  to  be  nearly  destitute  of 
animal  matter.  It  dissolves  in  acids,  with  a slight  effer- 
vescence, as  Dr  Blake  remarked,  and  Josse  has  confirmed, 
and  appears  therefore  to  consist  of  phosphate,  with  carbo- 
nate of  lime. 

The  presence  of  fluoric  acid  combined  with  lime  in  the 
enamel  of  teeth  was  announced  by  Morichini,  an  Italian 
chemist.  He  observed  it  in  the  enamel  or  outer  layer  ot 
the  fossil  teeth  of  the  elephant,  which  he  found  to  be  com- 
posed almost  entirely  of  fluate  of  lime,  while  the  body  of 
the  teeth  was  composed  of  phosphate.  On  submitting  the 
enamel  of  human  teeth  to  the  same  trials,  he  found,  that 
it  contained  a large  proportion  of  fluate,  vapours  of  fluoric 
acid  being  exhaled  when  the  enamel  was  acted  on  by  sul- 
phuric acid.  Gay  Lussac  so  far  confirmed  this  discovery, 
as  to  have  found  fluate  of  lime  in  ivory,  copious  vapours  of 
fluoric  acid  being  exhaled  from  it  when  concentrated  sul- 
phuric acid  was  poured  upon  it  f . And  with  this  the  ex- 
periments oi  Fourcroy  and  Vauquelin  agreed,  fluate  of 
lime  appearing  to  exist  in  small  quantity  in  fossil  ivory, 
especially  in  that  state  in  which  the  animal  matter  had 


* Nicholson’s  Journal,  Svo,  vol.  v.  p.  58. 
f Philosophical  Magazine,  vol.  xxiii.  p.  264. 
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been  most  completely  removed  * * * §.  These  chemists  were 
unable,  however,  to  discover  fluoric  acid  in  new  ivory  or 
in  the  enamel ; Mr  Brande  likewise  found,  that  when  ena- 
mel is  subjected  to  the  action  of  sulphuric  acid  aided  by 
heat,  no  vapours  but  those  of  sulphurous  or  sulphuric  acid 
are  exhaled  f.  Its  existence,  however,  in  the  enamel  of 
human  teeth  and  oxen  teeth,  as  well  as  in  the  bones  of 
animals,  has  been  confirmed  by  Berzelius,  as  has  been  al- 
ready stated. 

The  proportions  of  the  principles  of  bone  must  differ  in 
different  states  : in  the  bones  of  young  animals,  the  gelatin 
and  cartilage  are  in  larger  proportion  than  in  more  advan- 
ced age.  The  quantity  of  gelatin  extracted  by  boiling  in 
water  is  from  25  to  50  from  100  parts,  and  the  remainder 
is  principally  phosphate  of  lime.  The  phosphate  of  mag- 
nesia is  always  in  very  small  quantity,  not  exceeding  2 in 
100  parts  ; and  the  fluate  of  lime,  according  to  the  expe- 
riments of  Berzelius,  is  in  not  much  larger  proportion  1. 
Ox-bone,  according  to  an  analysis  by  Fourcroy  and  Vau- 
quelin,  consists  of  gelatin  51,  phosphate  of  lime  37.7,  car- 
bonate of  lime  10,  phosphate  of  magnesia  1.3  1).  The  fol- 
lowing are  assigned  by  Berzelius  as  the  proportions  of  the 
earthy  ingredients  in  calcined  human  bone,  phosphate  of 
lime  81.9,  fluate  of  lime  3,  lime  10,  phosphate  of  magnesia 
1.1,  soda  2,  carbonic  acid  2 §.  Fie  has  also  given  the  fol- 
lowing table  of  the  composition  of  bone,  and  the  enamel  of 
teeth  ^[. 


* Philosophical  Magazine,  vol.  xxv.  p.  265. 
t Nicholson’s  Journal,  vol.  xiii.  p.  214. 

% Philosophical  Magazine,  vol.  xxviii.  p.  506. 

||  Nicholson’s  Journal,  vol.  viii.  p.  87. 

§ Annales  tie  Chimie,  tom.  lxxxviii.  p.  1.99. 
Journal  de  Physique,  tom.  lxiv.  p.  555. 
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Cartilage 
Blood-vessels 
Fluate  of  lime 
Phosphate  of  lime 
Carbonate  of  lime 
Phosphate  of  magnesia  - 
Soda,  muriate  of  soda,  7 
water,  &c.  5 


Dried 

Enamel  of 

Bones  of 

Enamel 

Human 

Human 

Oxen. 

of  Oxen 

Bones. 

Teeth. 

Teeth. 

32.17 

^ 

1.13 

— 5 

33.30 

3.56 

2.00 

3.2 

2.90 

4. CO 

51.04. 

85.3 

55.45 

81.00 

11.30 

8.0 

3.85 

7.10 

1.16 

1.5 

2.05 

3.00 

1.20 

2.0 

2.45 

1.34 

100 

100 

100 

100 

A more  ample  table  has  been  given  by  Herat- Guillot, 
of  the  composition  of  the  bones  of  different  animals,  and 
some  similar  substances,  which  does  not  appear,  however, 
to  contain  very  accurate  results  *. 

V ' -* 

The  Shells  with  which  the  bodies  of  many  marine,  and 
a number  of  land  animals  are  covered,  are  analogous  in 
their  structure  to  bone,  but  they  differ  in  chemical  con- 
stitution, phosphate  of  lime  being  the  basis  of  the  one, 
while  carbonate  of  lime  exists  in  much  larger  quantity  in 

the  other.  Mr  Platchet  undertook  the  examination  of  this 

% 

subject,  and  established  the  result,  that  shell  and  bone,  in 
their  different  varieties,  constitute  two  genera,  in  both  of 
which  animal  matter  is  contained,  in  the  one  indurated  by 
phosphate,  in  the  other  by  carbonate  of  lime  : And  these 
are  connected  by  a certain  order  of  substances, — the  crus- 
taccous  coverings  of  certain  marine  animals,  and  likewise 
some  of  the  species  of  zoophytes,  in  which,  with  the  ani- 
nlal  matter,  are  intermixed  variable  proportions  both  of 
carbonate  and  phosphate  of  lime. 


* Ann  ales  tie  Chimie,  tom.  xxxiv.  p.  71. 
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In  Mr  Hatchet’s  experiments,  the  shell  submitted  to  ex- 
amination was  immersed  in  acetic  acid,  or  nitric  acid  di- 
luted with  4 or  6 parts  ot  water.  1 he  carbonate  ol  lime 
w7as  precipitated  by  carbonate  of  ammonia  or  potash  ; and 
phosphate  of  lime  (if  present)  was  previously  precipitated 
by  pure  ammonia.  It  any  other  phosphate  was  suspected, 
it  was  discovered  by  acetate  of  lead. 

The  greater  number  of  marine  shells  are  ot  two  descrip- 
tions, either  of  a porcellaneous  aspect,  with  an  enamelled 
surface  and  fibrous  texture,  or  they  are  composed  of  the 
substance  called  Nacre  or  Mother  ot  Pearl.  1 he  first  kind 
dissolve  in  the  acids  with  strong  effervescence  ; their  solu- 
tions afforded  no  trace  of  phosphate  of  lime,  or  of  any 
other  combination  of  phosphoric  acid  : they  contained 
only  carbonate  of  lime  ; and  the  animal  matter  which  acts 
as  a cement  to  this,  indurated  albumen,  is  in  small  propor- 
tion ; hence,  when  the  shells  are  exposed  to  heat,  they  ex- 
hale little  empyreumatic  odour  ; they  emit  no  smoke : and 
when  dissolved  in  acids,  little  or  no  vestige  of  it  can  be 
discovered  by  any  flocculent  or  gelatinous  residuum. 

In  shells  of  the  other  description  approaching  to  nacre, 
the  earthy  matter  is  also  carbonate  of  lime,  but  it  is  present 
in  smaller  proportion,  while  the  animal  matter  is  in  large 
quantity.  Hence  they  give  much  smoke,  and  a strong 
empyreumatic  odour,  when  exposed  to  heat ; and  when 
acted  on  by  acids,  give  out  less  carbonic  acid,  and  leave  a 
large  quantity  of  a membranaceous  or  cartilaginous  resi- 
duum, retaining  often  the  figure  of  the  shell.  This  sub- 
stance often  constitutes  a large  part  of  the  shell,  as  in  that 
of  the  oyster  or  muscle,  and  is  so  much  indurated  as  to  be 
no  longer  gelatinous;  it  appears  to  be  deposited  in  layers, 
each  having  a corresponding  coat  of  carbonate  of  lime. 
Mother  of  pearl,  and  likewise  pearls,  were  found  to  be  of 
similar  structure  and  composition.  Their  waved  appear- 
ance and  their  iridescence,  are  evidently  the  effects  of  this 
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lamellated  arrangement,  and  of  the  nebulous  semi-trans- 
parency of  the  substances  composing  it. 

An  extensive  class, — the  zoophytes,  comprehending  the 
varieties  of  madrepore,  millepore,  tubipore,  were  found  to 
consist  of  carbonate  of  lime  with  animal  membrane. 

Mr  Hatchet  found,  that  the  substance  analogous  to  shell, 
which  covers  crustaceous  marine  animals,  as  the  echini, 
crab,  lobster,  &c.  is  different.  It  had  the  same  cementing 
animal  matter,  but  with  this  were  united  both  carbonate 
and  phosphate  of  lime,  forming  therefore  a substance  in- 
termediate between  bone  and  shell.  The  shells  of  the  eggs 
of  birds  were  of  similar  composition  ; and  even  some  of  the 
zoophytes,  as  various  species  of  isis,  gorgonia,  & c.  gave  in- 
dications of  phosphate  of  lime,  intermixed  with  the  car- 
bonate of  which  they  are  chiefly  composed. 


Sect.  XVI. — of  fat,  stearin,  elain,  margaric,  oleic, 

AND  SEBACIC  ACIDS.  SPERMACETI. 

Fat  appears  to  be  a secreted  matter,  as  no  traces  of  it 
can  be  discovered  in  the  blood.  As  it  exists  in  the  animal 
body,  it  is  nearly  fluid,  and  is  retained  in  minute  cells  : 
after  death  it  is  found  solid,  varying  in  solidity  in  different 
animals.  To  procure  it  free  from  the  animal  fluids  and 
cellular  fibre  mixed  with  it,  it  is  cut  and  washed  in  water* 
and  is  melted  with  a gentle  heat,  a little  water  being  add- 
ed, to  prevent  it  from  being  scorched.  Fat  thus  prepared, 
is  named  Axunge  or  Lard  when  soft;  when  of  a firmer 
consistence  it  forms  Tallow ; and  from  some  animals,  as 
from  the  whale,  and  other  marine  animals,  it  is  obtained 
fluid,  forming  Animal  Oil. 

Animal  fat  has  properties  nearly  the  same  as  those  of 
vegetable  expressed  oil.  It  is  insipid  and  inodorous,  in- 
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•soluble  in  water  and  in  alkohol,  is  capable  ol  combining 
with  the  alkalis,  and  forming  soap  ; it  is  inflammable,  and 
cannot  be  volatilized  unchanged. 

Fat,  exposed  to  a warm  atmosphere,  is  liable  to  become 
rancid.  This  rancidity  appears  to  be  owing  to  the  absorp- 
tion of  oxygen,  and  consequent  formation  of  an  acid,  either 
from  the  oxygenation  of  the  fat  itself,  or  of  the  gelatinous 
matter  mixed  with  it.  This  acid  may  be  abstracted  by 
washing  with  water  or  alkohol,  when  the  sweetness  ol  the 
fat  is  in  some  measure  restored,  while  the  water  acquires 
the  power  of  reddening  the  vegetable  colours. 

Fat  melts  from  a very  moderate  heat.  By  continuing 
the  heat,  or  raising  it  above  the  melting  point,  it  suffers 
decomposition,  at  a temperature  of  about  600° ; pungent 
vapours  arise  from  it ; and  when  cold,  it  is  found  acrid  and 
of  a yellow  colour.  A similar  decomposition  is  effected, 
by  distilling  it  in  close  vessels  : an  acid  liquor  passes  over, 
with  an  empyreumatic  oil,  partly  liquid  and  partly  con- 
crete; carburetted  hydrogen  and  carbonic  acid  gases  are 
disentailed,  and  the  residuum  is  mixed  with  charcoal:  by 
repeating  the  distillation  of  the  oily  matter,  a new  forma- 
tion of  these  products  takes  place,  until  the  whole  is  decom- 
posed. From  the  products  of  this  decomposition,  fat,  like 
expressed  oil,  appears  to  be  a compound  of  carbon,  hydro- 
gen, and  oxygen.  Ammonia  is  usually  mingled  with  the 
products  in  small  quantity ; but  if  the  fat  has  been  well 
washed,  it  does  not  appear. 

Fat  is  highly  inflammable,  and  in  burning  gives  much 
light;  hence  its  use  for  this  purpose ; it  is  probable,  that 
by  the  high  temperature  in  the  wick  in  the  common  me- 
thod of  burning  it,  it  is  decomposed  and  converted  prin- 
cipally into  a gas  of  the  nature  of  olefiant  gas,  from  the 
combustion  of  which  the  light  originates.  The  products 
of  this  combustion,  are  water  and  carbonic  acid. 

Fat  is  acted  on  by  the  acids,  the  result  being  different 
according  to  the  acid  employed,  and  the  manner  in  which 
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it  is  applied.  If  nitric  acid  be  added  in  small  quantity,  it 
is  decomposed,  its  oxygen  is  abstracted  by  the  fat,  and 
what  has  been  named  by  the  French  chemists  Oxygenated 
Fat,  is  formed.  The  process  has  been  received  into  the 
Pharmacopoeia ; it  is  to  add  to  melted  lard  one-sixteenth 
of  nitric  acid,  stirring  them  thoroughly,  and  keeping  the 
mixture  fluid  for  some  time : nitric  oxide  and  nitrogen 
gases  are  evolved,  and  the  lard  becomes  granular  and  of  a 
firmer  consistence.  If  washed  with  water,  any  remaining 
nitric  acid  is  removed  : and  a product  is  obtained  of  a 
waxy  nature.  By  distilling  nitric  acid  repeatedly  from  fat, 
Gren  obtained  acetic  and  oxalic  acids.  Vogel  obtained 
what  he  considered  as  saccho-lactic  acid  : others  have  con- 
sidered it  as  analogous  to  the  sebacic  acid  formed  from  fat 
by  heat.  Sulphuric  acid,  even  in  small  quantity,  chars  fat, 
rendering  it  brown  or  black,  and  producing  a kind  of  de- 
composition, whence  an  oily  product  and  a substance  ap- 
proaching in  its  properties  to  what  is  named  Adipocire, 
are  formed.  Muriatic  acid  exerts  little  action  upon  fat. 

bat  combines  with  the  alkalis,  forming  saponaceous  com- 
pounds. 

Fat,  like  the  expressed  oils,  is  capable  of  combining  with 
sulphur  and  with  phosphorus,  when  their  mutual  action  is 
aided  by  a moderate  heat.  It  unites  with  a number  of 
the  metallic  oxides,  and  forms  with  them  compounds  more 
firm  than  the  fat  itself.  From  its  facility  of  oxidation,  it 
can  even  be  made  to  act  on  the  metals.  Thus,  if  copper 
be  covered  with  grease,  and  left  exposed  to  the  air,  its 
surface  soon  becomes  green ; and  quicksilver  triturated 
with  lard,  forms  an  ointment  of  a blue  colour,  which  be- 
comes deeper  on  keeping,  and  from  which  at  length,  ac- 
conling  to  the  experiments  of  some  chemists,  scarcely  any 
metallic  quicksilver  can  be  obtained  ; while,  according  to 
V ogel,  it  still  exists  in  it  with  very  little  oxide  *. 


* Nicholson’s  Journal,  vol.  xviii.  p.  110. 
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A peculiar  view  of  the  nature  of  fat  in  its  several  varieties, 
has  lately  been  brought  forward  by  the  French  chemists, 
Chevreul  and  Braconnot.  It  is  considered  not  as  a homo- 
geneous substance,  but  as  composed  of  different  principles, 
capable  of  being  obtained  apart.  A short  statement  of  this 
has  been  given  under  the  history  of  the  vegetable  express- 
ed oils,  to  which  it  also  applies,  (page  156-7),  but  it  is  to 
be  stated  more  fully,  as  being  more  strictly  connected  with 
animal  fat. 

Chevreul  had  found,  that  in  the  process  of  saponifica- 
tion, the  oil  or  fat,  whether  vegetable  or  animal,  under- 
goes changes  of  composition  by  the  action  of  the  alkalis, 
in  consequence  of  which  new  products  are  formed.  And 
in  prosecuting  the  investigation  of  these  changes,  he  was 
led  to  the  conclusion,  that  fats  and  oils  are  composed  of 
two  principles,  one  of  a firm  consistence,  which  is  analo- 
gous to  suet  or  tallow,  the  other  more  soft  or  liquid,  ana- 
logous to  vegetable  oils.  To  the  former  of  these  he  has 
since  given  the  name  of  Stearin,  to  the  other  that  of 
Elain.  He  obtained  them  separate  by  submitting  lard 
or  tat  to  the  action  of  boiling  alkohol,  employing  alkohol 
of  a specific  gravity  from  0.791  to  0.798,  as  exerting  a 
more  powerful  solvent  effect,  than  alkohol  less  highly  rec- 
tified. On  allowing  the  liquor  to  cool,  the  portion  of  fat 
dissolved  is  resolved  into  two  combinations;  one  with  an 
excess  of  stearin  is  deposited,  the  other  with  an  excess  of 
elain  remains  dissolved.  The  first  is  separated  by  filtra- 
tion, and  is  again  submitted  to  the  action  of  boiling  alko- 
hol, until  a solid  matter  is  obtained  fusible  at  110°. 

Stearin  thus  procured,  was  from  all  the  varieties  of  fat 
of  a very  fine  white  colour,  inodorous  or  nearly  so,  insi- 
pid, and  producing  no  effect  on  the  colour  of  litmus:  on 
cooling  after  fusion,  it  crystallized  in  fine  needles ; it  varies 
in  its  fusibility,  and  likewise  in  its  solubility  in  alkohol  : 
it  forms  soap  with  the  alkalis,  but  forms  at  the  same  time 
vol,  iv„  r r 
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a portion  of  fluid,  sweet,  soluble  in  alkohol  and  water,  and 
which  appears  to  be  what  Scheele  called  the  Sweet  Prin- 
ciple of  Oils. 

Elain  remains  in  the  above  process  dissolved  in  thealko- 
hol;  the  solution  is  submitted  tocold,  to  precipitate  as  much 
as  possible  the  stearin;  it  is  then  submitted  to  distillation, 
adding  towards  the  end  a little  water  ; the  elain  remains. 
All  the  varieties  of  it  obtained  from  the  fat  oi  diileient  ani- 
mals, are  liquid  at  the  temperature  of  60,  with  a specific 
gravity  of  about  915;  they  are  usually  colourless  and  in- 
odorous, but  some  of  them  have  colour  and  smell  from  the 
adherence  of  foreign  matter  : they  are  all  abundantly  so- 
luble in  alkohol,  dissolving  in  less  than  their  own  weight 
at  a boiling  temperature,  and  precipitating  only  partially 
on  cooling : they  combine  with  the  alkalis,  and  form  soaps, 
affording  at  the  same  time  the  sweet  soluble  matter  like 
stearin,  and  nearly  in  the  same  proportion  *. 

Bracormot  obtained  the  same  principles  by  a more  sim- 
ple process,  in  which  there  can  be  no  supposition  of  any 
modification  of  composition  by  chemical  action.  It  is 
founded  on  the  physical  property  peculiar  to  oil,  of  being 
imbibed  easily  by  soft  paper:  on  pressing  any  oily  or  fatty 
substance  rendered  sufficiently  solid  by  cold,  between  folds 
of  bibulous  paper,  the  fluid  oil  analogous  to  the  elain  of 
Chevreul  is  absorbed,  while  the  concrete  fat,  or  suet,  as  he 
names  it,  analogous  to  the  stearin,  remains  untouched. 
To  render  the  latter  perfectly  pure,  it  is  melted  with  a 
little  oil  of  turpentine,  and  when  cold,  is  again  pressed  be- 
tween soft  paper ; the  last  portions  of  oil  are  thus  remov- 
ed, and  the  pure  suet  remains.  It  varies  somewhat  in  its 
physical  properties  and  fusibility,  as  obtained  from  differ- 
ent fats  : it  is  dry,  and  brittle,  and  is  so  far  analogous  in  this 


* Annales  tie  Cliimie,  tom.  \civ.  *cv.  Annales  tie  Chirnie 
(Et  Pbjsique,  tom.  ii. 
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respect  lo  wax  ; after  fusion,  it  breaks  smooth  and  flaky, 
somewhat  similar  to  spermaceti ; it  has  a shining  lustre, 
which  it  communicates  to  the  fingers,  or  to  paper;  in  some 
varieties  it  is  semi-transparent  or  diaphanous;  it  melts  at 
temperatures  from  130  to  1 40  of  Fahrenheit.  It  dissolves, 
though  sparingly,  with  the  assistance  of  heat,  in  alkohol, 
and  more  abundantly  in  ether.  By  the  action  both  of 
acids  and  of  alkalis,  it  suffers  decomposition,  being  con- 
verted into  a substance  analogous  to  spermaceti,  and  into 
an  oil,  both  soluble  in  alkohol.  The  fluid  oil  which  exists 
along  with  the  suet,  and  is  absorbed  by  the  paper  in  the 
above  process,  is  obtained  by  placing  the  folds  on  warm 
water,  on  the  surface  of  which  it  speedily  collects.  It  is 
liquid,  colourless,  or  with  a yellow  tinge  similar  to  the  ve- 
getable expressed  oils,  but  distinguished  by  not  congealing 
readily : it  combines  with  great  facility  with  the  alkalis. 
All  fatty  substances  Braconnot  supposes  to  be  compounds 
of  these  in  various  proportions,  and  in  no  product  is  either 
of  them  pure.  Butter  consists  of  from  60  of  oil  and  40  of 
suet,  to  35  of  oil  and  65  of  suet,  according  to  its  quality  ; 
hotr’s  lard  of  62  of  oil  and  38  of  suet ; and  marrow  of  24 
of  oil  and  76  of  suet.  Even  the  vegetable  expressed  oils 
have  an  intermixture  of  these  principles,  as  has  been  stated 
under  their  history  *. 

In  the  process  of  saponification,  by  the  action  of  the 
alkali,  on  the  oils  or  fats,  these  principles  suffer  certain 
chemical  changes ; the  alkali  does  not  directly  combine 
with  them,  but  subverts  their  composition,  forming  two 
products  somewhat  analogous  to  acids,  with  which  the  al- 
kali combines,  and  it  is  from  this  kind  of  resulting  affinity 
that  the  change  seems  to  arise.  There  is  at  the  same  time 
a formation  of  the  substance  denominated  the  Sweet  Prin- 
ciple of  Oils, — and  these  changes  are  effected  not  only  by 

* Annales  de  Cliimic,  tom.  xciii.  Philosophical  Magazine,  vol. 
xlvi. 
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potash  and  soda,  but  likewise  by  the  alkaline  earths,  and 
some  of  the  metallic  oxides,  such  as  those  of  lead  and  zinc. 
Of  these  products,  the  one  which  Chevreul  first  obtained 
from  soap,  he  named  Margarine,  from  the  form  under 
which  it  appears  of  pearly  scales,  and  considering  it  since 
as  an  acid,  he  has  given  it  the  name  of  Margaric  Acid. 
The  other  he  has  named  Oleic  Acid.  A view  nearly  simi- 
lar of  the  changes  which  occur  in  saponification,  has  been 
given  by  Braconnot. 

Margarine  or  Margaric  Acid,  the  first  ot  these  pro- 
ducts, was  obtained  by  Chevreul,  by  submitting  the  soap 
formed  by  the  action  of  potash  on  hog’s  lard,  to  the  action 
of  boiling  water ; the  solution,  on  cooling,  deposites  a pearly 
matter,  which  is  a super-margarate  of  potash,  the  liquor 
becoming  at  the  same  time  alkaline,  and  retaining  the  oleic- 
acid  in  combination  with  the  alkali.  The  pearly  matter  be- 
ing washed,  is  dissolved  repeatedly  in  boiling  water,  to  free 
it  from  any  foreign  matter ; the  liquor  is  filtered,  and  the 
precipitate  it  affords  on  cooling,  is  lastly  washed  with  al- 
kohol ; it  is  then  decomposed  by  muriatic  acid,  which  com- 
bines with  the  potash,  and  the  margaric  acid  being  inso- 
luble, is  separated.  This  substance,  obtained  from  dif- 
ferent fats,  is  of  a brilliant  pearly  whiteness,  insipid,  and 
nearly  inodorous;  it  is  lighter  than  water;  melts  at  lSS*” 
of  Fahrenheit  into  a colourless  liquid,  which  crystallizes  on 
cooling,  in  brilliant  needles  ; by  a higher  heat  it  is  volati- 
lized and  decomposed.  It  is  insoluble  in  water;  alkohol  at 
a boiling  heat,  dissolves  nearly  twice  its  weight  of  it ; the 
solution,  in  cooling,  congeals  in  an  entire  mass;  its  several 
varieties  differ  merely  in  fusibility,  melting  at  temperatures 
between  130°  and  14-0®,  and  in  the  arrangement  and  size 
of  the  needles  which  are  formed  when  cooled  on  the  sur- 
face of  w-ater.  The  acidity  of  this  substance  is  establish- 
ed by  its  reddening  litmus,  and  combining  with  and  neu- 
tralizing the  alkalis.  With  potash  it  forms  a soft  and 
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pearly-like  matter,  not  sensibly  alkaline,  insoluble  in  wa- 
ter, and  soluble  in  boiling  alkohol ; it  also  forms  a com- 
pound with  an  excess  of  alkali,  containing  twice  the  quan- 
tity existing  in  the  first.  It  combines  also  with  the  other 
bases.  All  these  compounds  are  more  analogous  to  soaps, 
than  to  salts  *. 

Oleic  Acid.  In  the  preceding  process  for  obtaining 
margaric  acid,  the  oleic  acid  remains  in  solution  with  a por- 
tion of  potash.  To  obtain  it,  the  liquor  wras  neutralized 
by  tartaric  acid ; a portion  of  super-margarate  of  potash  is 
deposited,  and  the  alkali  again  becomes  in  excess ; it  is 
again  neutralized  by  tartaric  acid  : these  operations  are 
repeated  until  no  pearly  like  matter  is  precipitated ; the 
oleate  of  potash  is  then  decomposed  by  a farther  addition 
of  tartaric  acid.  The  oleic  acid  is  an  oily-like  fluid,  lighter 
than  water,  which  preserves  its  fluidity  at  temperatures 
near  the  freezing  point  of  water ; it  congeals  in  crystalline 
needles;  it  is  not  easily  obtained  perfectly  pure,  and  hence 
has  frequently  colour  and  odour ; it  is  insoluble  in  water, 
soluble  in  alkohol ; reddens  litmus,  and  combines  with  the 
different  salifiable  bases,  forming  compounds  somewhat 
analogous  to  soaps,  the  composition  of  which  has  been 
given  by  Chevreul  f. 

Sebacic  Acid,  the  acid  formed  from  the  decomposition 
of  fat  by  heat,  was  observed  by  Bergman  to  resemble  in 
its  saline  combinations  the  acetic;  Gren  considered  it  as 
the  same  with  that  acid ; but  as  it  presented  some  dif- 
ferences, it  continued  in  general  to  be  regarded  as  a pecu- 
liar acid.  Various  processes  were  given  for  preparing  it, 


* Annales  de  Chimie,  tom.  lxxxviii.  Philosophical  Magazine, 
vol.  xliv. 

f Ibid.  tom.  xciii.  xciv.  Annales  de  Chimie  et  Physique,  tom.  y. 
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of  which  one  proposed  by  Guyton  has  been  usually  follow- 
ed. Fat  is  melted  in  an  iron  pot  over  a naked  fire ; quick- 
lime in  powder  is  added  to  it,  stirring  it  continually,  and 
increasing  the  heat.  When  the  mixture  has  cooled,  on 
boiling  it  in  water,  a brown  acrid  salt  is  obtained  by  eva- 
poration of  the  solution,  which  was  considered  as  the  sc- 
bate  of  lime ; by  exposing  it  to  heat  in  a crucible,  any  ad- 
hering oily  matter  is  decomposed,  and  the  salt  is  obtained 
pure  and  white,  by  solution  and  crystallization.  If  sul- 
phuric acid  be  poured  on  it,  thesi  bacic  acid  is  disengaged, 
and  being  volatile,  may  be  obtained  by  distillation.  The 
acid  is  formed  in  this  process,  by  the  decomposition  of  the 
fat  by  the  high  temperature,  and  is  prevented  from  being 
dissipated  by  its  combination  with  the  lime.  As  obtained 
by  distillation,  it  is  a liquid  having  an  acrid  suffocating 
odour,  exhaling  a white  vapour  when  in  a concentrated 
state,  and  having  somewhat  of  an  oily  appearance.  It  red- 
dens the  vegetable  colours,  is  volatile,  and,  when  transmit- 
ted through  an  ignited  tube,  is  resolved  into  water,  carbo- 
nic acid,  carburetted  hydrogen,  and  charcoal.  Its  salts, 
which  were  named  Sebatcs,  are  in  general  soluble  and  crys- 
tallizable. 

Thenard,  from  a more  recent  examination  of  this  acid, 
has  revived  the  opinion,  that  it  is  merely  acetic  acid,  the 
pungency  of  its  odour  being  probably  derived  from  a little 
sulphurous  acid  According  to  this  chemist,  there  is, 
however,  a real  sebacic  acid.  It  is  obtained  by  distilling 
lard,  and  treating  the  product  with  hot  w ater : acetate  of 
lead  is  added  to  the  liquor : a flaky  precipitate  is  formed, 
which  is  dried,  and  heated  in  a retort  with  sulphuric  acid. 
The  liquid  condensed  had  no  acidity  ; but  there  floated  on 
the  matter  in  the  retort  a substance  like  fat,  which  was  se- 
parated, washed,  and  boiled  with  water.  The  water  dis- 

Nicholson’s  Journal,  8vo,  vol.  i.  p,  54. 
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solved  it;  and,  by  refrigeration,  crystalline  needles  were 
deposited,  acid,  and  possessed  of  peculiar  properties.  Ihey 
were  also  procured,  by  treating  di-stillcd  fat  with  water, 
filtrating  and  evaporating  the  liquor.  This  acid,  which 
Thenard  regards  as  the  Sebacic,  is  without  smell : its  taste 
is  slightly  acid : it  reddens  tincture  of  turnsole,  and  is  more 
soluble  at  a high  than  at  a low  temperature:  boiling  wa- 
ter saturated  with  it  even  becomes  concrete  by  refrigera- 
tion : alkohol  dissolves  a large  quantity  ot  it:  it  crystallizes 
in  small  needles,  or  in  large  plates,  ot  a brilliant  appeal  - 
ance.  It  precipitates  acetate  and  nitrate  ot  mercury  and 
of  lead,  and  nitrate  of  silver : it  neutralizes  the  alkalis,  and 
forms  with  them  soluble  salts:  that  with  potash  does  not 
attract  moisture  from  the  atmosphere;  has  little  taste,  and 
is  decomposed  by  sulphuric,  nitric,  or  muriatic  acid.  It 
does  not  render  turbid  solutions  of  lime,  barytes,  and  stron- 
tites.  With  the  production  of  this  acid,  there  is  also  a for- 
mation of  acetic  acid,  which  may  be  obtained  by  saturat- 
ing the  product  of  the  distilled  fat  with  potash,  and  de- 
composing it  by  sulphuric  acid.  According  to  Berzelius, 
the  sebacic  acid  of  Thenard  is  impure  benzoic  acid. 

Spermaceti  differs  in  some  of  its  qualities  from  fat.  It 
is  found  in  the  head  of  a species  of  whale,  the  Physeter 
macrocephalus,  in  an  unctuous  mass,  from  which  a quan- 
tity of  oil  is  obtained  by  expression.  There  remains  a flaky 
substance,  which  is  purified  by  melting,  washing  with  wa- 
ter and  with  a weak  alkaline  solution.  This  is  Spermaceti. 
It  also  exists  in  the  oils  of  other  species  of  whale,  and  is 

often  spontaneously  deposited. 

Spermaceti  is  in  masses  of  a flaky  crystalline  texture, 
soft,  but  brittle,  white,  and  brilliant.  It  is  less  fusible  than 
fat;’  its  melting  point  being  1 13°.  By  raising  the  heat,  it 
may  be  volatilized,  and  passes  over  by  distillation  with  little 
alteration  ; but  by-  subjecting  it  to  this  repeatedly,  it  is  de- 
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composed,  a quantity  of  acid  is  evolved,  and  a liquid  oil  is 
formed.  The  products  of  its  decomposition  are  similar  to 
those  of  wax,  and  its  composition  appears,  from  their  com- 
parative  analyses  by  Gay  Lussac  and  Thenard,  to  be  near- 
ly the  same. 

Spermaceti  is  inflammable,  and  burns  with  a clear  flame, 
and  has  nearly  the  same  superiority  as  wax  for  artificial 
illumination. 

A property  in  which  it  differs  from  fat  and  expressed 
oil,  is  its  solubility  in  alkohol  and  ether.  In  alkohol  it  is 
dissolved  very  sparingly.  According  to  Dr  Bostock’s  ex- 
periments, 100  grains  of  alkohol  dissolve  only  .52  grains, 
half  of  which  precipitates  on  cooling.  Warm  ether  dissolves 
it  rapidly;  and  by  cooling  it  is  precipitated  so  abundantly, 
as  in  appearance  to  convert  the  whole  into  a solid  crystal- 
lized mass  *.  It  is  dissolved  with  facility  by  oil  of  turpen- 
tine gently  heated,  and  is  deposited  as  it  cools. 

The  alkalis  act  on  spermaceti,  and  form  soaps,  less  per- 
fect, and  less  soluble  in  water,  than  the  soap  from  fat.  A 
solution  of  pure  potash  dissolves  it,  and  the  compound  is 
soluble  in  warm  water.  Ammonia  does  not  act  on  it  when 
cold,  but  when  boiling  unites  with  it,  and  forms  an  emul- 
sion, not  decomposed  by  cooling  or  by  the  addition  of  wa- 
ter, but  only  by  an  acid  f. 

The  acids  have  little  effect  on  it;  concentrated  sulphuric 
acid  dissolves  it,  and  changes  its  colour ; and  water  preci- 
pitates it  from  this  solution. 

In  its  properties  this  substance  bears  a resemblance  to 
the  matter  which  principally  composes  biliary  calculi,  and 
to  that  which  is  formed  by  the  slow  decomposition  of 
muscular  fibre, — a matter  which  Fourcroy  distinguished 
by  the  name  of  Adipocire,  as  being  intermediate  between 


* Nicholson’s  Journal,  vol.  iv.  p.  J54. 
t Bostock,  Nicholson’s  Journal,  vol.  iv.  p.  134. 


/ 


OF  SPERMACETI. 


633 


fat  and  wax.  The  last  substance,  Chevreul  remarks,  is 
not  homogeneous,  but  is  rather  a species  of  soap  contain- 
ing margaric  acid,  in  combination  with  oil.  Spermaceti 
and  the  matter  of  biliary  calculi  are  homogeneous;  but  al- 
though they  have  a general  resemblance,  they  differ  remark- 
ably in  the  circumstance,  that  the  latter  cannot  be  converted 
into  soap  by  the  alkalis.  Spermaceti  suffers  this  change ; 
and  in  conformity  to  his  general  theory  of  saponification, 
Chevreul  considers  this  as  consisting  in  the  production  of 
acid,  with  which  the  alkali  combines.  He  has  accordingly 
described  the  properties  of  an  acid  procured  from  this  com- 
bination, by  the  soap  of  spermaceti  being  decomposed  by 
an  acid.  It  is  concrete,  white,  easily  fusible,  but  when 
cooled  does  not  assume  the  plated  structure  of  spermaceti : 
it  is  insipid  and  inodorous ; insoluble  in  water,  but  abun- 
dantly soluble  in  boiling  alkohol,  from  which  it  consoli- 
dates  on  cooling ; it  reddens  faintly  the  colour  of  litmus, 
and  combines  with  alkaline  bases.  Chevreul  has  given  it 
the  name  of  Cetic  Acid,  from  Cetine,  a term  which  he 
has  applied  to  spermaceti  *. 


Sect.  XVII.— of  the  cerebral  pulp. 

The  soft  matter  which  constitutes  the  brain  and  nerves, 
is  different,  in  its  physical  qualities,  from  any  other  animal 
substance.  It  was  examined  by  Fourcroy,  with  the  view 
of  determining  its  chemical  characters  f,  and  more  lately 
by  Vauquelin  and  John. 

* Annales  tic  Chimie,  tom.  xcif.  Annales  de  Chimie  et  Phy- 
sique, tom.  ii. 

i Aimaks  de  Chimie,  tom.  xvt- 
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Iii  its  consistence  it  is  soft  and  pulpy  : it  soons  suffers 
spontaneous  decomposition  when  exposed  to  the  air,  but, 
when  immersed  under  water,  remains  long  without  much 
change.  Dried  by  the  heat  of  a water-bath,  it  coagulates, 
and  a little  water  separates  from  it.  When  urged  with  a 
strong  fire,  it  exhales  ammonia,  swells,  becomes  black, 
melts,  and  diffuses  acrid  fumes  : it  inflames  if  the  air  is  ad- 
mitted, and  sulphurous  acid  is  formed  from  its  combustion. 
When  decomposed  in  close  vessels,  the  products  are  oil, 
carbonate  of  ammonia,  carburetted  and  sulphuretted  hy- 
drogen, and  carbonic  acid  gases,  with  traces  of  phosphates 
of  lime  and  soda  in  the  residual  charcoal. 

When  the  cerebral  pulp  is  diluted  with  water,  it  is  coa- 
gulated by  heat ; the  liquor  separated  from  the  ffocculi 
gives  a precipitate  with  lime-water,  and  affords  phosphate 
of  soda  by  crystallization.  Alkohol  produces  coagulation  ; 
as  do  the  acids ; indicating,  therefore,  a principle  analo- 
gous to  albumen.  Sulphuric  acid,  in  coagulati  ng  it,  re- 
acts upon  it,  an  oily  matter  being  evolved.  Nitric  acid 
diluted  disengages  nitrogen  gas;  and  phosphate  and  oxa- 
late of  lime,  and  oxalate  of  soda,  are  found  in  the  residual 
liquor.  Muriatic  acid  produces  coagulation  ; and  the  ley 
affords  salts,  the  bases  of  which  are  soda  and  lime,  neutra- 
lized partly  by  muriatic,  partly  by  phosphoric  acid. 

The  alkalis  dissolve  this  matter.  Potash  acts  upon  it  in 
the  cold,  causing  an  evolution  of  ammonia : when  heat  is 
applied,  the  compound  is  saponaceous. 

By  the  action  of  alkohol,  not  only  is  the  matter  analo- 
gous to  albumen  separated,  but  another  substance  is  ob- 
tained, similar  to  some  of  the  varieties  of  adipocire.  The 
alkohol  being  repeatedly  applied  hot  to  the  cerebral  pulp 
previously  dried,  was  found  by  Fourcroy  to  deposite  each 
time  on  cooling  brilliant  laminae  of  a yellowish  white  co- 
lour. This  substance  was  of  an  unctuous  appearance, 
softened  at  the  heat  of  boiling  water,  but  did  not  melt. 
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At  a higher  temperature  it  acquired  a darker  colour,  and 
exhaled,  during  its  fusion,  an  empyreuinatic  ammoniacal 
odour. 

Vauquelin  submitted  the  substance  of  the  brain  to  the 
same  mode  of  analysis  by  alkohol,  aided  by  a boiling  heat. 
The  liquor  deposited  on  cooling  first  a portion  of  a fatty 
matter  in  plates,  white,  of  a silky  lustre,  staining  paper 
like  oil,  fusible,  and  thus  becoming  solid,  with  some  te- 
nacity, and  of  a brown  colour.  By  evaporation  of  the  al- 
kohol to  one  eighth  part,  another  oily  matter  separated, 
fluid  and  of  a yellow  colour ; on  drying  it  by  exposure  to 
the  air,  it  becomes  red,  has  an  odour  similar  to  that  of  the 
brain,  and  a taste  like  rancid  fat ; it  forms  an  emulsion 
with  hot  water,  and  dissolves  in  hot  alkohol,  the  greater 
part  of  it  separating  on  cooling;  it  blackens  when  heated, 
and  melts ; it  appears  to  be  the  same  as  the  preceding  fat, 
with  an  intermixture  of  the  next  substance  to  be  described. 
This  remains  after  the  separation  of  the  two  oily  substances 
from  the  alkoholic  solution,  forming  a liquor  of  a brownish 
yellow  colour,  which  has  the  taste  and  smell  of  the  juice 
of  meat,  and  which  by  evaporation  affords  a solid  matter, 
brown  and  deliquescent,  soluble  in  alkohol,  and  forming 
w'ith  tannin  an  insoluble  combination.  It  is  the  same  sub- 
stance as  that  to  which  Rouelle  had  given  the  name  of 
Saponaceous  Extract,  and  Thcnard  that  of  Osmazomc. 
There  remains  a large  portion  of  matter  insoluble  in  alko- 
hol, in  the  form  of  greyish  white  flocculi,  and  which  Vau- 
quelin regards  with  Fourcroy  as  albumen.  Lastly,  there 
are  detected  in  the  analysis  small  portions  of  phosphates 
of  potash,  lime,  and  magnesia,  and  muriate  of  soda.  Vau- 
quelin also  inferred  the  presence  of  phosphorus  in  its  entire 
state,  combined  with  the  fatty  matter  of  the  brain,  from 
finding,  that  when  this  matter  had  been  extracted  by  al- 
kohol, the  residue  obtained  on  evaporation  afforded  phos- 
phates by  its  combustion,  though  no  phosphoric  acid  was 
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to  be  discovered  in  the  solution  itself.  He  also  found  traces 
of  sulphur.  He  gives  the  following  as  the  whole  compo- 
sition : water  80,  white  fatty  matter  4.53,  red  fatty  matter 
0.7,  albumen  7,  osmazome  1.12,  phosphorus  1.50,  acids, 
salts,  and  sulphur  5.15  *. 

Dr  John,  prosecuting  Vauquelin’s  investigation,  wfas  led 
to  conclude,  that  phosphorus  is  not  a constituent  of  the 
brain,  but  only  phosphate  of  ammonia.  The  other  results 
he  finds  similar  to  those  given  by  Vauquelin,  with  the  ad- 
dition of  a trace  of  sulphate  of  potash,  and  phosphate  of 
iron  f. 

Fourcroy  had  found  the  matter  of  the  nerves  to  be  the 
same  as  that  of  the  brain.  According  to  Vauquelin,  it 
contains  less  fatty  matter  and  more  albumen.  The  me- 
dulla elongata  and  spinal  marrow,  on  the  contrary,  con- 
tain more  fatty  matter,  and  less  albumen,  osmazome,  and 
water.  The  substance  of  the  nerve  yields  a small  por  tion 
of  matter  to  the  successive  action  of  alkohol  and  water,  and 
the  remainder  dissolves  almost  completely  in  caustic  potash. 


* Annals  of  Philosophy,  vol.  i.  p.  552. 
T Ibid.  vol.  vii.  p.  55. 
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CHAP.  III. 

OF  THE  SPONTANEOUS  CHEMICAL  CHANGES,  AND  THE  DE- 
COMPOSITION OF  ANIMAL  SUBSTANCES. 

. » 

Ihe  elements  of  which  the  animal  products  are  formed, 
having  energetic  affinities,  the  operation  ot  which  is  far- 
ther favoured  by  the  state  of  condensation  in  which  they 
exist,  they  are  extremely  liable  to  re-act  on  each  other, 
and  to  enter  into  new  combinations,  whence  the  existing 
composition  is  destroyed.  This  may  take  place  either  at 
natural  temperatures,  or  at  temperatures  more  elevated ; 
and  according  to  either  of  these  circumstances,  the  kind 
of  decomposition,  and  the  new  combinations  that  are  esta- 
blished, are  different.  In  concluding  the  history  of  animal 
substances,  both  species  of  spontaneous  decomposition  are 
to  be  considered. 


Sect.  I. of  the  decomposition  of  animal  substances 

AT  A HIGH  TEMPERATURE. 

When  the  composition  of  any  animal  substance  is  sub- 
verted by  heat,  its  elements  enter  into  binary  or  ternary 
combination.  Nitrogen  and  hydrogen  being  usually  pre- 
sent in  largest  proportion,  portions  of  them  combine,  and 
form  ammonia.  Another  portion  of  the  hydrogen  enters 
into  combination  with  carbon  and  oxygen,  forming  em- 
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pyreumatic  oil,  acid,  and  oxycarburetted  hydrogen  gas. 
Oxygen  and  carbon  unite  and  form  carbonic  acid,  with 
which  the  ammonia  combines;  and  sulphur  and  phospho- 
rus, which  are  generally  in  greater  or  less  quantity  consti- 
tuents of  animal  matter,  uniting  with  hydrogen,  and  pro- 
bably also  with  certain  proportions  of  nitrogen  and  oxygen, 
form  those  gases,  having  a foetid  odour,  the  evolution  of 
which  peculiarly  marks  the  decomposition  of  animal  mat- 
ter. The  residual  charcoal  contains  salts,  having  lime, 
magnesia,  and  soda  for  their  bases,  combined  with  phos- 
phoric, sulphuric,  muriatic,  and  carbonic  acids,  and  also 
oxide  of  iron. 

But  besides  these,  which  require  no  farther  observations, 
a product  is  formed  from  the  decomposition  of  many  ani- 
mal substances  by  heat,  the  Prussic  Acid,  the  chemical 
history  of  which  remains  to  be  given.  It  exists,  as  basal- 
ready  been  stated,  (page  302.),  in  the  vegetable  kingdom, 
but,  as  obtained  from  animal  substances,  it  is  the  product 
of  their  decomposition  by  heat,  and  it  is  from  this  source 
that  it  is  always  procured  for  chemical  purposes. 

A rich  pigment  has  been  long  known  under  the  name 
of  Prussian  Blue.  It  is  prepared  by  drying  blood,  mixing 
three  parts  of  the  dried  residuum  with  two  parts  of  the 
potash  of  commerce,  and  calcining  the  mixture  in  a crucible 
by  a red  heat,  as  long  as  any  vapours  exhale ; it  is  then 
boiled  in  successive  portions  of  water,  which  are  afterwards 
mixed  together,  and  concentrated  by  evaporation.  A so- 
lution is  prepared  of  one  part  of  sulphate  of  iron,  and  two 
parts  of  alum  ; and  to  this  the  liquor  obtained  from  the 
calcined  blood  and  alkali  is  added,  as  long  as  any  precipi- 
tate is  formed.  This  precipitate  is  of  a green  colour,  but 
by  washing  it  with  a little  dilute  muriatic  acid,  it  becomes 
ol  a dark  rich  blue  colour.  This  forms  the  prussian  blue 
of  commerce. 

Much  attention  has  been  bestowed  on  the  investigation 
of  the  nature  of  this  substance.  At  an  early  period,  after 
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Woodward,  in  1724,  had  made  public  the  process,  Brown 
and  Geoffroy  shewed,  that  other  animal  substances  besides 
blood,  as  ilesh,  wool,  &c.  calcined  with  potash,  turnished  a 
ley  capable  of  forming  prussian  blue.  Macquer  made  the 
important  discovery,  that  the  property  ol  forming  the  co- 
lour depends  on  a principle  combined  with  the  alkali ; that 
in  the  formation  of  the  prussian  blue,  this  combines  with 
the  iron,  and  that  it  may  be  again  abstracted  from  it  by 
boiling  in  an  alkaline  solution  ; it  is  thus  transferred  to  the 
alkali,  which  hence  acquires  the  power  of  again  forming 
the  precipitate  of  prussian  blue,  Irom  a solution  ol  sulphate 
of  iron.  He  shewed  likewise,  that  the  reason  the  precipi- 
tate is  green,  is,  that  the  liquor  containing  an  excess  of  al- 
kali throws  down  a portion  of  yellow  oxide  ol  iron,  which 
mingles  with  the  blue  precipitate,  and  muriatic  acid  gives 
the  deep  blue  colour,  by  dissolving,  and  thus  removing  this 
oxide.  Schecle  completed  the  investigation,  and  obtained 
the  colouring  principle  in  a separate  state.  He  had  found, 
that  when  the  liquor  prepared  from  calcined  blood  and 
potash  is  exposed  to  the  air,  it  soon  loses  its  power  ol  pre- 
cipitating iron  blue;  and  that,  when  a quantity  of  this  li- 
quor is  put  into  a vessel  filled  with  carbonic  acid  gas,  paper 
dipt  in  a solution  of  sulphate  of  iron  attached  to  the  cork, 
is  soon  covered  with  precipitated  oxide  of  iron,  and  when 
wetted  with  muriatic  acid,  assumes  a blue  colour.  These 
facts  appeared  to  prove,  that  acids  attiact  the  alkali  moie 
strongly  than  the  colouring  matter  does,  and  that  this 
matter  is  volatile ; and  hence  he  inferred,  that  it  might  be 
obtained  by  distillation.  He  therefore  put  a quantity  ol 
the  alkaline  liquor  impregnated  with  it,  into  a retort,  with 
an  excess  of  sulphuric  acid,  and  distilled  with  a gentle  heat. 
Tbe  water  which  came  over  had  a peculiai  smell  and  taste, 
and  produced  with  oxide  of  iron  prussian  blue.  Exposed 
to  the  air  for  some  hours,  it  lost  this  property,  the  colour- 
ing principle  being  dissipated. 

Scheele  found  it  difficult  to  transfer,  by  single  affinity. 
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the  colouring  matter  from  prussian  blue ; for  although  the 
alkalis  attract  it,  a portion  of  oxide  of  iron  accompanies  it ; 
and  hence  these  compounds,  as  he  remarks,  are  triple  com- 
pounds, consisting  of  alkali,  a little  iron,  and  the  colour- 
ing matter.  With  that  skill,  however,  which  eminently 
marked  all  his  investigations,  he  discovered  a process  by 
which  the  transfer  might  be  effected.  Two  ounces  of  prus- 
sian blue,  and  one  ounce  of  red  oxide  of  quicksilver  pre- 
pared by  nitric  acid,  are  put  into  a flask,  with  six  ounces 
of  water,  and  boiled  for  some  minutes,  with  constant  agi- 
tation. It  is  then  poured  on  a filtre,  and  the  matter  which 
remains  on  the  paper  is  lixiviated  with  two  ounces  of  hot 
water.  The  liquid  which  has  passed  through,  is  a combi- 
nation of  the  colouring  matter  with  oxide  of  quicksilver, 
without  any  oxide  of  iron.  This  he  found  could  not  lie 
decomposed  by  acids,  alkalis,  or  lime ; and  the  colouring 
matter  could  be  separated  only  by  reducing  the  mercurial 
oxide  to  the  metallic  state.  To  effect  this,  the  filtered  so- 
lution, from  the  above  quantities  of  materials,  is  poured 
on  an  ounce  and  a half  of  iron-filings,  free  from  rust,  to 
which  are  added  three  drachms  of  sulphuric  acid.  Hv- 
drogen  gas  is  thus  disengaged,  and  acting  in  its  nascent 
state  abstracts  the  oxygen  of  the  oxide  of  quicksilver.  The 
clear  liquor,  after  the  action  has  ceased,  is  poured  off'  and 
distilled.  When  the  fourth  part  has  come  over,  the  whole 
of  the  colouring  matter  is  obtained,  as  it  is  more  volatile 
than  water,  and  rises  first.  There  is  a slight  contamina- 
tion of  sulphuric  acid,  which  may  be  removed  by  distilling 
from  a little  chalk  *.  This  principle  he  regarded  as  an 
acid,  and  named  Acid  of  Prussian  Blue,  a name  changed 
by  Guyton  to  that  of  Prussic  Acid. 

Proust  found,  that  the  prussiate  of  mercury  formed  in 
the  preceding  process,  though  not  decomposed  by  the 
other  acids,  suffers  decomposition  from  the  muriatic,  and 


* Schiele’s  Chemical  Essays,  p.  olfl. 
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the  prussic  acid  is  expelled.  He  also  found,  that  it  may 
be  disengaged  from  prussian  blue  by  diluted  sulphuric  acid, 
and  by  the  application  of  heat  is  discharged  in  the  gaseous 
form.  By  connecting  the  retort  in  which  this  process  was 
performed,  with  a bell  jar  containing  alkohol,  over  quick- 
silver, he  received  the  gas  over  the  alkohol,  which  absorb- 
ed it  rapidly.  Water  placed  in  an  intermediate  receiver, 
was  also  surcharged  with  it,  and  solutions  were  procured, 
having  the  odour  of  the  prussic  acid  extremely  strong,  and 
from  which  the  gas  constantly  tended  to  escape  *. 

Gay  Lussac,  employing  the  process  of  decomposing  prus- 
siate  of  mercury  by  muriatic  acid,  with  some  additional 
precautions,  has  been  enabled  to  procure  prussic  acid  in  a 
purer  form,  and  has  thus  been  enabled  better  to  determine 
its  properties.  The  prussiate  is  put  into  a retort,  to  the 
neck  of  which  a curved  tube  is  adapted,  the  other  end  of 
which  terminates  in  a two-necked  bottle,  containing  a little 
chalk  and  muriate  of  lime,  the  chalk  being  intended  to  at- 
tract any  muriatic  acid  that  might  pass  over,  and  the  mu- 
riate of  lime  to  absorb  water.  This  is  connected  with  a 
second  similar  bottle,  containing  also  muriate  of  lime ; and 
from  this  a bent  tube  issues  which  is  inserted  in  a phial  de- 
signed to  receive  the  prussic  acid  ; and  the  whole  are  kept 
cool  by  being  surrounded  with  ice  and  salt : or  by  a sim- 
plification of  the  apparatus,  introduced  by  Gay  Lussac  in 
his  subsequent  researches,  the  chalk  and  the  muriate  of  lime 
may  be  disposed  in  successive  portions  of  a long  horizontal 
tube,  terminating  in  a small  receiver  kept  cool.  Fuming 
muriatic  acid  is  poured  on  the  prussiate  in  the  retort,  and 
a gentle  heat  is  applied ; the  prussiate  dissolves,  and  the 
liquid  soon  appears  to  boil.  Vapours  pass  over,  which 
partly  condense  in  the  neck  of  the  retort  in  streaks  like 
alkohol ; and  the  process  is  stopt  as  soon  as  water  is  ob~ 


* Annales  de  Cbimie,  tom.  lx.  Philosophical  Magazine,  vol 
xxxiii.  p.  46’. 
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served  to  rise.  The  prussic  acid  condenses  almost  entirely 
in  the  first  bottle ; or  in  the  first  part  of  the  tube,  when  a 
tube  is  employed,  front  which,  by  a slight  heat,  it  may  be 
volatilized  into  the  receiver ; it  is  a little  coloured  ; but  it  is 
freed  from  this  by  a second  distillation;  and  it  is  so  vola- 
tile that  this  may  be  done  by  a heat,  not  exceeding  9 5P, 
being  applied  around  the  bottle  in  which  it  is  condensed ; 
it  rises  in  vapour  from  the  muriate  of  lime,  and  is  con- 
densed in  the  second ; and  by  removing  the  communica- 
tion between  these,  and  applying  again  a gentle  heat,  it 
may  be  volatilized  and  condensed  perfectly  pure  in  the 
phial  designed  to  collect  it  *. 

It  had  been  observed,  as  already  stated,  that  this  acid 
exists  in  the  gaseous  state.  Gay  Lussac,  in  employing  the 
preceding  process,  having  connected  the  retort  with  an  in- 
verted jar  filled  with  quicksilver,  according  to  the  experi- 
ment originally  made  by  Proust,  obtained  a large  quantity 
of  elastic  fluid,  having  the  strong  smell  of  prussic  acid. 
The  temperature  of  the  room  was  68°  ; but  afterwards  at 
a temperature  of  53°,  it  was  observed  that  the  volume  of 
the  gas  had  diminished  greatly,  and  that  a liquid  conden- 
sed in  the  jar.  This  shewed  the  volatility  of  the  prussic 
acid,  and  at  the  same  time  that  it  can  be  condensed  in  the 
liquid  form.  Gay  Lussac  accordingly  found,  that  it  is  a 
liquid  more  volatile  than  ether.  It  boils  at  80°  of  Fah- 
renheit, and  evaporates  rapidly  at  a lower  temperature,  so 
that  it  cannot  be  poured  from  one  vessel  to  another  with- 
out loss : it  hence  also  enlarges  greatly  the  volume  of  at- 
mospheric air,  or  of  any  other  elastic  fluid.  The  specific 
gravity  of  its  vapour  is  0.9476,  air  being  1, 

In  its  liquid  state  it  is  transparent  and  colourless  as  wa- 
ter ; its  specific  gravity  at  45°  of  Fahrenheit,  is  0.705  ; its 
taste  is  at  first  cool,  but  soon  becomes  acrid  and  irritating, 

* Annales  ile  Chimie,  tom.  Ixxvii,  Nicholson’s  Journal,  vol, 
xxxi. 
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Its  odour  is  strong,  resembling  that  of  the  peach  blossom 
or  bitter  almond,  which  appear  indeed  to  derive  their  o- 
dour  from  it,  as  well  as  their  narcotic  property,  as  has 
been  already  stated  in  enumerating  it  as  a product  of  the 
vegetable  system.  The  narcotic  power  of  the  acid  is  ex- 
tremely strong  ; a few  drops  of  it,  in  its  concentrated  state, 
given  to  small  animals,  causes  instant  death  ; a single  drop 
even  applied  to  the  tongue  is  sufficient ; the  same  effect  is 
produced  by  exposing  them  to  its  vapour,  and  this  even 
without  immersion  in  it,  but  merely  applying  the  nostrils 
to  a vessel  containing  it;  and  a German  chemist  is  said 
to  have  lost  his  life  from  a quantity  of  it  having  been  dropt 
on  the  naked  arm  *. 

It  is  singular  that  this  liquid  acid,  though  so  volatile,  can 
be  congealed  by  a cold  which  is  not  very  intense.  Gay 
Lussac  found  that  its  congelation  takes  place  when  it  is 
exposed  to  a freezing  mixture  of  two  parts  of  ice,  and  one 
of  sea-salt,  and  it  often  forms  regular  prismatic  crystals. 
It  remains  solid  at  — 5°,  but  above  this  it  liquefies.  From 
this  susceptibility  of  congelation,  combined  with  its  great 
volatility,  arises  a singular  phenomenon.  If  a drop  of  it 
be  exposed  to  the  air  at  the  extremity  of  a glass  rod,  or 
on  a bit  of  paper,  it  instantly  freezes.  This  is  the  only 
example  of  the  congelation  of  a liquid  by  the  degree  of 
cold  produced  by  its  own  evaporation  under  exposure  to 
the  atmosphere ; as  among  all  the  volatile  liquids  there  is 
none  that  freezes  at  a temperature  so  little  remote  from 
that  of  its  vaporific  point. 

It  has  been  considered  as  doubtful  whether  this  substance 
can  be  regarded  as  an  acid.  Its  taste,  Scheele  remarked, 
is  not  sour,  but  approaches  to  sweet ; it  has  been  generally 
believed  not  to  redden  paper  tinged  with  litmus ; and  it 
has  scarcely  the  most  important  acid  character,  the  power 

* Annales  tie  Chimie,  tom.  xcii.  p.  52.  Philosophical  Maga- 
zine, vol.  xlv.  p.  76. 
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of  neutralizing  the  alkalis  and  earths,  and  of  forming  with 
them  crystallizable  salts  ; at  least  it  distinctly  acquires  this 
power,  as  Berthollet  remarks,  only  when  a metallic  oxide 
enters  also  into  the  combination.  It  has  only  the  remain- 
ing acid  characters,  of  being  soluble  in  water,  decomposing 
soap,  and  precipitating  alkaline  hydro-sulphurets ; and 
hence,  as  the  same  chemist  has  observed,  the  name  of  acid 
can  be  given  to  it,  rather  from  the  properties  it  displays  in 
its  ternary  combinations,  than  from  those  it  has  in  its  in- 
sulated state.  The  observation,  however,  of  its  not  red- 

i 

dening  litmus  paper,  appears  to  have  arisen  from  its  not 
having  been  obtained  in  a pure  form,  and  from  its  volati- 
lity. Gay  Lussac  has  stated,  that  even  when  it  has  been 
rectified  by  repeated  distillation  from  chalk,  it  faintly  red- 
dens litmus  paper  ; but  this  is  evanescent,  from  the  speedy 
escape  of  the  acid. 

This  acid  in  the  gaseous  state  is  inflammable.  Like 
other  substances  of  animal  origin,  it  is  decomposed  at  a 
high  temperature  ; though  less  readily,  as  is  evident  from 
the  fact,  that  it  is  formed  only  at  the  temperature  of  igni- 
tion. According  to  Bucholz  and  Proust,  it  sutlers  spon- 
taneous decomposition  in  its  watery  solution.  This  de- 
composition Gay  Lussac  has  found  to  take  place  rapidly 
even  in  well-closed  vessels,  where  no  air  is  present ; it  as- 
sumes a brown  colour,  which  gradually  deepens,  and  at 
length  deposites  a considerable  carbonaceous  residue,  which 
gives  a deep  colour  both  to  water  and  acids,  and  gives  out 
a strong  smell  of  ammonia.  This  ammonia  has  been  form- 
ed in  the  decomposition,  and  is  combined  w ith  a portion 
of  the  acid. 

Prussic  acid  combines  with  the  alkalis  and  earths;  but  its 
affinity  to  them  is  inconsiderable,  and  the  acid  is  so  liable 
to  decomposition,  that  the  constitution  of  these  compounds 
is  easily  subverted,  water  even  producing  their  decompo- 
sition. 1 hey  are  denominated  Prussiates,  and  are  obtain- 
ed by  combining  the  acid  obtained  by  the  process  of.Scheele 
with  the  different  bases.  They  have  been  little  examined ; 
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a few  observations  only  having  been  made  with  regard  to 
them  by  this  chemist  *.  With  the  fixed  alkalis,  he  re- 
marks, prussic  acid  forms  compounds  in  which  the  alka- 
line properties  are  scarcely  neutralized  ; for  although  the 
compound  contains  an  excess  of  the  colouring  matter,  it 
still  restores  the  blue  colour  of  paper  reddened  by  an  acid. 
By  distillation,  the  prussic  acid  is  partly  separated  from 
it,  and  partly  decomposed  ; and  it  is  decomposed  by  all 
the  acids,  even  by  the  carbonic.  With  ammonia  a salt 
is  formed,  which  has  still  the  amrtioniacal  odour,  even 
when  the  colouring  principle  is  in  excess;  it  crystallizes 
in  small  prisms  ; this  salt  rises  by  distillation,  nothing  but 
pure  water  remaining  in  the  retort.  The  aqueous  prussic 
acid  dissolves  but  a small  quantity  of  barytes ; with  lime  it 
presents  nearly  the  same  results  as  with  the  alkalis,  com- 
bining with  it,  and  the  compound  being  decomposed  by 
heat,  as  well  as  by  carbonic  acid,  on  exposure  to  the  air. 
Magnesia  is  dissolved  by  it  in  small  quantity,  but  by  ex- 
posure to  the  atmosphere  is  again  precipitated.  Alumina 
is  not  dissolved  in  any  sensible  quantity. 

Prussic  acid  has  no  sensible  action  on  metals ; but  it  acts 
on  the  oxides  of  many  of  them  : and  it  is  a singular  fact, 
that  its  affinities  arc  more  powerful  in  these  combinations, 
and  hence  the  constitution  of  the  acid  is  better  preserved, 
than  in  its  combinations  with  the  alkalis  and  earths.  With 
oxide  of  gold  it  forms  a white  compound  ; oxide  of  silver, 
precipitated  by  an  alkaline  carbonate  from  fis  nitrous  so- 
lution, yields  its  carbonic  acid  with  slight  effervescence 
from  its  action ; oxide  of  quicksilver  is  dissolved,  and  the 
solution  crystallizes  in  four-sided  prisms;  oxide  of  copper 
assumes  a citron  colour,  and  oxide  of  cobalt  a yellowish 
brown.  The  oxides  of  iron,  tin,  lead,  and  indeed  the 
greater  number  of  the  other  metals,  are  not  directly  affect- 
t>d  by  it.  It  decomposes,  however,  some  of  the  metallic 


* Chemical  Essays,  2d  Dissertation  an  Prussian  Bine, 
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salts  • from  a solution  of  nitrate  of  silver,  a white  powder 
is  thrown  down  ; from  carbonate  of  iron,  a precipitate  at 
first  of  a sea-green  colour,  which  changes  to  a blue;  and 
from  nitrate  of  mercury,  a black  powder.  By  boiling  red 
oxide  of  mercury,  either  with  prussiate  of  potash,  or  with 
prussian  blue,  the  prussic  acid  combines  with  the  oxide  of 
mercury ; and  if  the  boiling  be  repeated  several  times  with 
the  mercurial  oxide,  the  w hole,  or  nearly  the  whole  of  the 
oxide  of  iron  is  separated  ; and  a prussiate  of  mercury  is 
obtained,  which  crystallizes,  and  which  is  not  decomposed 
by  the  alkalis,  or  by  sulphuric  or  nitric,  but  only  by  mu- 
riatic acid.  This  is,  of  any  of  the  combinations  of  prussic 
acid,  therefore,  the  one  which  best  displays  its  acid  powers. 
It  consists,  according  to  Mr  Porret,  of  13.8  prussic  acid, 
and  86.2  red  oxide  of  mercury.  Gay  Lussac,  however, 
considers  it  under  a very  different  point  of  view.  He  finds, 
that  when  prussic  acid  vapour  is  passed  over  the  red  oxide 
of  mercury,  water  is  formed  ; the  acid  must  therefore  be 
decomposed,  its  hydrogen  combining  with  the  oxygen  of  the 
oxide,  and  the  solid  product,  the  Prussiate  of  Mercury  as 
it  was  named,  consists  of  the  compound  radical  of  prussic 
acid,  the  cyanogen  of  Gay  Lussac,  with  metallic  quick- 
silver, or,  in  his  nomenclature,  is  a cyanuret  of  mercury. 
Correcting  Mr  Porret’s  analysis  by  this  view,  it  consists, 
he  infers,  of  79.91  of  mercury,  and  20.1  of  cyanogen  : but 
this  correction  is  doubtful.  It  yields  a portion  of  cyano- 
gen by  heat,  and  then  becomes  a sub-cyan uret. 

By  complex  affinity,  more  striking  effects  are  produced 
on  the  metallic  salts.  In  examining  these,  Schcele  em- 
ployed prussiate  of  lime ; and  lie  gives  the  following  enu- 
meration of  the  changes  it  occasions.  A solution  of  it  be- 
ing poured  into  a solution  of  gold,  a precipitate  is  thrown 
down  in  a white  powder,  which  is  re-dissolved  when  the 
prussiate  is  added  in  excess,  forming  a colourless  solution. 

I he  solution  of  platina  is  not  changed ; that  of  silver  is 
precipitated  of  a white  colour,  and  of  a consistence  like 
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that  of  cheese  ; the  precipitate  being  re-dissolved  by  an  ex- 
cess of  the  prussiate,  and  the  combination  in  this  case  being 
so  intimate,  that  it  is  not  decomposed  by  muriatic  acid. 
Mercury  is  precipitated  from  its  nitrous  solution  in  the 
form  of  a black  powder.  Sulphate  of  copper  is  precipitat- 
ed of  a citron  colour  ; the  precipitate  being  re-dissolved  by 
an  excess  of  the  prussiate,  and  forming  a colourless  liquor, 
as  it  does  also  when  submitted  to  the  action  of  liquid  am- 
monia. Sulphate  of  zinc  gives  a precipitate  of  a white 
colour;  and  this,  unlike  the  greater  number  of  these  pre- 
cipitates, is  soluble  in  acids.  Sulphate  of  iron  is  precipi- 
tated first  of  a yellowish  brown  colour,  which  soon  changes 
to  green,  and  then  becomes  blue  on  the  surface,  as  it  does 
also  immediately  on  adding  an  acid.  From  acetate  ol  lead, 
a white  powder  is  precipitated  : from  the  solution  of  co- 
balt, a powder  of  a brownish  yellow  colour ; neither  of 
these  being  re-dissolved  by  an  excess  of  acid.  Similai  com- 
pounds are  established  by  prussiate  of  potash  added  to  the 
metallic  solutions,  of  which  Proust  has  given  an  account. 
The  greater  number  of  them  are  triple  combinations  ; the 
prussic  acid,  with  part  of  the  salifiable  base,  enteiing  into 
combination  with  the  metallic  oxide,  the  piussic  acid  hav- 
ing a tendency  to  form  such  ternary  combinations  : hence, 
as°Berthollet  has  remarked,  the  supernatant  liquid  retains 
an  excess  of  acid,  though  the  prussiate  by  which  the  me- 
tallic salt  is  decomposed  contains  more  alkali  than  is  re- 
quisite to  its  saturation,  and  the  precipitate  weighs  more 
than  it  would  do  if  the  oxide  alone  were  combined  with 
the  prussic  acid.  And  when  the  prussiate  of  potash  and 
iron  is  used,  it  appears,  from  Proust’s  elaborate  examina- 
tion of  the  prussiates  *,  that  a portion  of  iron  also  enters 
with  the  other  metallic  oxide  into  the  combination.  These 
triple  combinations  of  prussic  acid  with  an  alkaline  base 
md  metallic  oxide,  are  more  permanent  than  the  pure 


* Philosophical  Magazine,  vol.  xxxiii.  p.  42. 


618 


Ot  l'HL  DLCOMPOSITION 


prussiatcs,  the  metallic  oxide  exerting  such  an  affinity  to 
the  prussic  acid  as  to  preserve  it  from  decomposition ; and 
the  alkaline  properties  are  completely  neutralized : many 
of  them  also  can  be  crystallized. 

Ol  these  combinations,  those  with  oxide  of  iron  are  of 
importance,  from  their  use  as  chemical  tests,  and  as  form- 
ing prussian  blue.  Prussian  Blue,  it  has  been  already 
stated,  is  prepared  by  adding  the  ley  obtained  from  cal- 
cined blood  and  potashes,  to  a solution  of  sulphate  of  iron. 
1 he  ley  contains  the  prussic  acid  combined  with  the  pot- 
ash, the  acid  unites  with  the  oxide  of  iron  of  the  sulphate, 
and  forms  the  blue  precipitate,  a little  muriatic  acid  being 
employed  to  remove  a green  tint  from  the  presence  of  a 
portion  of  oxide  of  iron,  thrown  down  by  an  excess  of  al- 
kali in  the  ley.  The  prussian  blue  of  commerce  also  con- 
tains a portion  of  argillaceous  earth,  derived  from  a quan- 
tity of  alum,  dissolved  along  with  the  sulphate  of  iron,  pre- 
vious to  the  precipitation  of  this  by  the  addition  of  the  ley 
from  calcined  blood  and  potash ; it  serves  the  purpose 
merely  of  diluting  the  deep  colour,  and  giving  more  con- 
sistence to  the  pigment.  Some  chemists  have  supposed, 
that  a portion  of  the  potash  of  the  prussian  ley  enters  with 
the  prussic  acid  into  combination  with  the  oxide  of  iron. 
But,  according  to  Proust,  this  is  not  the  case,  pure  prus- 
sian blue  leaving  no  saline  matter  by  decomposition  #. 

f he  state  of  combination  of  the  prussic  acid  with  oxide 
of  iron,  is  considerably  influenced  by  the  state  of  the  me- 
tal with  regard  to  oxidation,  as  Proust  more  particularly 


* I he  manufacture  of  prussian  blue  is  attended  with  a verv 
ia  tid  odour,  from  the  drying  and  calcining  the  blood,  which  spreads 
to  a considerable  distance.  It  may  be  obviated  by  conducting  the 
vapour  through  a tube  issuing  from  a dome  placed  over  the  calcin- 
ing \essel,  and  causing  it  to  burn.  Another  apparatus  has  been 

invented  by  I)  Arcet,  described  in  Nicholson’s  Journal,  vol.  xxxiii. 

p.  268. 
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pointed  out  *.  If  the  iron  is  in  combination  with  an  acid 
at  the  minimum  of  oxidation,  the  precipitate  formed,  by 
adding  the  common  prussiate  of  potash  and  iron,  is  ol 
a white  colour,  but  from  exposure  to  the  air,  it  rapidly  ac- 
quires a blue  shade ; or,  if  the  metal  be  at  a higher  state 
of  oxidation,  the  precipitate  is  at  the  first  blue.  These 
compounds  seem  to  be  of  uniform  composition,  though  of- 
ten modified  in  their  production  by  intermixture,  or  by  an 
excess  of  oxide  of  iron.  The  white  precipitate  seems  to 
consist  entirely  of  prussic  acid  and  black  oxide  ol  iron. 
The  blue  precipitate  requires  for  its  production,  as  Proust 
shewed,  the  iron  in  the  state  both  of  the  black  and  the  red 
oxide.  In  the  prussian  ley,  or  prussiate  of  potash  and 
iron,  by  the  action  of  which,  on  a salt  of  iron  at  the  maxi- 
mum of  oxidation,  the  blue  precipitate  is  formed,  there  ex- 
ists a portion  of  black  oxide  of  iron  as  an  essential  consti- 
tuent ; and  in  the  formation  of  that  precipitate,  this  black 
oxide  enters  with  the  prussic  acid  into  combination  with 
the  red  oxide  of  the  salt.  Hence  it  cannot  be  formed  by 
the  combination  of  prussic  acid  with  the  red  oxide  alone. 
Proust  found,  that  100  of  the  blue  precipitate  yield  by  in- 
cineration 55  of  red  oxide  of  iron  ; but  of  this  only  35  pre- 
existed in  it,  the  remainder  being  in  the  state  of  black 
oxide, — 100  parts,  according  to  Mr  Porret’s  analysis,  con- 
sist of  34.05  prussic  acid,  19.33  black  oxide  of  iron,  35  red 
oxide,  and  11.62  of  water.  Gay  Lussac  considers  it  as 
doubtful,  whether  it  is  a compound  of  prussic  acid  with 
oxide  of  iron  and  water,  or  consists  of  the  compound 
radical  of  prussic  acid,  cyanogen,  with  metallic  iron, — that 
is,  in  his  nomenclature,  a cyanuret  of  iron.  The  white  pre- 
cipitate in  this  case  would  be  a sub-cyanuret  of  iron  in 
combination  with  hydro-cyanic  or  prussic  acid. 

When  an  alkaline  solution,  as  of  potash,  is  boiled  on 
prussian  blue,  it  abstracts  the  greater  part  of  the  prussic 


* Nicholson’s  Journal,  4to,  vol.  i.  p.  454  ; 8vo,  voi.  xvii. 
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acid,  with  a portion  of  oxide  of  iron,  and  forms  a soluble 
compound,  a prussiatc  of  potash  and  iron.  This  salt 
may  be  obtained  by  evaporation  in  octahedral  crystals  of 
a yellowish  colour.  It  is  abundantly  soluble  in  water.  The 
iron  exists  in  it  altogether  in  the  state  of  the  black  oxide, 
and  is  retained  by  so  powerful  an  attraction,  when  not  in 
excess,  that  it  is  not  abstracted  by  the  succinates,  the  hy- 
dro-sulphurets,  or  other  re-agents,  by  which  it  is  usually 
discovered.  The  composition  of  the  salt  had  been  im- 
perfectly determined.  Proust  found,  that  in  100  parts 
there  exist  17  of  black  oxide  of  iron,  with  10  of  water. 
Mr  Porret,  by  a more  complete  analysis,  has  given  as  its 
composition  in  its  crystallized  state,  black  oxide  of  iron 
17.26,  potash  39.34,  prussic  acid  30.40,  water  13. 

This  salt,  under  different  forms,  has  been  much  used  by 
chemists  as  a test  to  discover  the  presence  of  iron.  It  is 
of  great  delicacy,  from  the  deep  colour  which  it  strikes 
with  the  iron  at  the  maximum  of  oxidation  ; but  from  the 
iron  it  contains,  it  is  liable  to  fallacy;  for  if  any  free  acid 
be  present,  or  be  evolved  in  the  application  of  the  test,  this 
re-acts  upon  it,  and  gives  rise  to  a precipitate  of  prussian 
blue,  indicating,  of  course,  iron  to  be  present  when  it  is 
not;  and  increasing  the  quantity  of  it  when  it  is.  It  has 
been  endeavoured  to  remove  this  source  of  fallacy,  by  free- 
ing it  from  this  portion  of  iron ; but  this  is  impracticable. 
Richter  and  Bucholz  clearly  shewed,  that  the  presence  of 
the  oxide  of  iron  is  essential  to  preserve  the  constitution  ol 
the  prussic  acid  ; that  the  compound  of  this  acid  and  the 
alkali  alone,  can  be  formed  only  in  the  dry  way,  and  at 
the  temperature  of  ignition  : when  it  is  dissolved  in  water, 
it  is  immediately  decomposed  ; part  of  the  prussic  acid 
escapes,  and,  from  the  smell  of  ammonia  produced,  part 
appears  to  be  decomposed  : and  it  is  only  from  the  pre- 
sence ol  oxide  of  iron  that  the  permanent  combination  is 
established.  All  the  precipitates  produced  by  means  of 
-*he  test  prepared  in  the  usual  method,  they  conclude,  con- 
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tain  iron,  and  are  different  in  their  colour  from  those 
where  the  iron  is  not  present  *. 

When  the  compound  contains,  however,  only  a certain 
quantity  of  the  oxide  ot  iron, — that  essential  to  its  con- 
stitution, this  exists  in  the  combination  with  such  force  ot 
attraction,  that  even  a free  acid  does  not  subvert  it ; and 
therefore,  a triple  prussiate  of  this  nature  may  be  formed, 
which  may  be  employed  with  more  accuracy  as  a test  ot 
iron.  The  liquor  which  is  prepared  trom  the  mixture  ot 
blood  and  pearl-ash  calcined,  is,  under  this  point  ot  view, 
preferable  to  that  prepared  from  the  action  of  an  alkaline 
ley  on  prussian  blue ; for  although  the  former  contains  a 
portion  of  oxide  of  iron  derived  trom  the  blood,  it  is  much 
less  considerable  than  that  which  the  latter  contains.  The 
proportions,  according  to  Bucholz,  which  answer  best  in 
preparing  the  triple  prussiate  with  this  view,  are  two  parts 
of  dried  blood  with  one  of  carbonate  of  potash ; this  mix- 
ture being  heated  to  redness  in  a crucible,  and  being  kept 
in  a state  of  ignition  for  three  quarters  of  an  hour  after  the 
flame  that  appears  at  the  surface  has  ceased.  This,  dis- 
solved in  water,  affords  a liquor  which  contains  only  a small 
quantity  of  iron,  and  which,  dropt  into  muriatic  acid,  af- 
fords no  blue,  but  only  a white  precipitate  f.  Richter  has 
given  a similar  process,  the  ley  from  the  calcined  blood, 
and  alkali,  being  purified  by  adding  acetate  of  potash  as 
long  as  any  precipitate  is  thrown  down,  and  the  piussiatc 
being  obtained  by  crystallization  1. 

Even  the  common  solution  of  triple  prussiate  of  potash, 
and  iron  prepared  by  digesting  an  alkaline  solution  with 
prussiate  of  iron,  may  be  so  far  freed  from  the  metal  as  to 
be  used  as  a test.  According  to  Berthollet,  the  abstrac- 
tion of  the  excess  of  oxide  of  iron  may  be  effected  by  cai- 


* Nicholson’s  Journal,  vol.  ix.  p.  27S.  Ann.  de  thim.  li.  p.  ISO. 
t Nicholson’s  Journal,  vol.  ix.  p.  280. 
t Annales  dc  Chimie,  tom.  li.  p.  18^. 
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cining  slightly  the  crystallized  prussiate,  and  again  crys- 
tallizing it.  Another  process  employed  by  Klaproth  has 
been  described  by  Kirwan  *.  The  liquor  is  filtered,  and 
any  excess  of  alkali  is  saturated  by  the  addition  of  sulphu- 
ric acid;  (or,  as  Richter  proposed,  by  acetate  of  lime:)  it 
is  poured  off  clear  from  a precipitate  which  is  thrown  dowm, 
and  is  evaporated,  so  that,  when  set  aside,  it  shall  crystal- 
lize: crystals  of  a cubic  form  and  of  a yellowish  colour  are 
found  mingled  with  crystals  of  sulphate  of  potash,  and  with 
oxide  of  iron.  The  former  are  picked  out,  and  re-dissolv- 
ed in  water:  any  sulphuric  acid  that  may  be  present  is  re- 
moved by  the  addition  of  barytic  water,  and  it  is  again 
made  to  crystallize.  These  crystals  arc  dried  and  kept  for 
use:  if  they  receive  no  bluish  tinge  when  wetted  with  mu- 
riatic acid,  they  may  be  considered  as  sufficiently  pure  to 
be  employed  as  a test. 

Dr  Henry  has  given  another  process  f.  To  a solution  of 
potash  heated  nearly  to  boiling,  prussian  blue  is  added  un- 
til its  colour  cease  to  be  destroyed.  The  liquor  is  filtered, 
and  there  is  added  to  it,  while  warm,  a little  dilute  sulphu- 
ric acid,  continuing  the  addition  by  successive  portions, 
until  no  blue  precipitate  is  thrown  down.  A solution  of 
sulphate  of  copper,  in  6 parts  of  water,  is  poured  warm 
into  the  clear  liquor  poured  off  from  the  blue  precipitate, 
as  long  as  a reddish  brown  sediment  appears.  This  is 
prussiate  of  copper ; it  is  to  be  washed  with  warm  water 
until  the  water  come  off  colourless.  This  precipitate,  when 
dry,  is  to  be  added  to  a solution  of  pure  potash  ; the  prus- 
sic acid  leaves  the  oxide  of  copper,  and  combines  with 
the  alkali,  forming  a prussiate  as  free  from  iron  as  can  be 
prepared. 

The  test,  as  prepared  by  any  of  these  processes,  always 
contains  a quantity  of  oxide  of  iron ; and  although,  from 

* Elements  of  Mineralogy,  v'ol.  i.  494. 

1 Epitome  of  Chemistrv,  p.  250. 
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the  strong  attraction  with  which  this  is  retained,  it  may  be 
used  without  much  fallacy  to  discover  the  presence  of  iron, 
it  cannot  be  employed  to  determine  its  quantity,  lrom  the 
precipitate  which  it  throws  down  from  any  liquor  contain- 
ing this  metal ; at  least  without  allowance  being  made  for 
the  quantity  the  test  does  contain.  This  is  done  by  de- 
composing 100  grains  of  the  crystallized  prussiate,  by  ex- 
posure to  a strong  red  heat,  discovering  what  quantity  of 
oxide  of  iron  remains,  and  from  this,  by  knowing  what, 
quantity  of  the  salt  has  been  employed  in  the  precipitate, 
determining  what  quantity  of  the  iron  which  it  indicates 
has  been  derived  from  this  source.  In  general,  the  crys- 
tallized salt,  as  prepared  by  these  methods,  contains  from 
22  to  30  in  100  parts  of  oxide  of  iron.  According  to  Mr 
Porret,  100  parts  of  the  blue  precipitate,  washed  and  dried, 
may  be  considered  as  equivalent  to  34>.24  of  red  oxide  of 
iron  in  the  solution.  But  as  the  composition  of  the  test 
cannot  be  depended  on  as  altogether  uniform,  we  cannot 
be  certain  of  its  accuracy  in  determining  the  quantity  of 
iron,  and  the  method  is  troublesome  and  complicated,  re- 
quiring attention  to  a number  of  circumstances  which  in- 
fluence the  result. 

The  triple  prussiate  is  also,  in  the  common  method  of 
preparing  it,  impure,  from  a mixture  of  sulphate  of  potash 
derived  from  the  potash  of  commerce;  and  this  is  the 
source  of  a mistake,  which  at  one  time  prevailed  among 
chemists,  that  barytes  is  precipitated  by  this  test  from  its 
saline  solutions.  The  sulphuric  acid  may  be  removed  by 
the  action  of  barytes ; a solution  of  barytes  in  warm  water 
being  added  to  the  liquor  prepared  by  the  piocess  de- 
scribed above,  as  long  as  a white  precipitate  ensues. 

The  prussiate  of  potash  and  iron  precipitates  not  only 
iron  from  its  solution,  but  the  greater  number  of  the  other 
metals,  all  of  them,  indeed,  except  platina,  antimony,  and 
tellurium ; and  this  affords  a test  useful  in  discovering  the 
metals. 
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The  compound  formed  from  the  precipitation  of  the 
salts  of  copper,  is  of  a fine  brown  colour:  it  was  introdu- 
ced as  a paint  by  Mr  Hatchet,  and  found  supeiior  to  any 
brown  paint  in  use  in  beauty  and  intensity.  The  deepest 
colour  is  obtained  from  the  muriate  of  copper,  precipitated 
by  the  prussiate  of  lime  and  iron;  the  muriate  being  dis- 
solved in  ten  parts  of  distilled  water,  and  the  solution  of 
the  prussiate  added  as  long  as  there  is  any  precipitation  *, 

Besides  the  triple  compounds  of  prussic  acid,  potash, 
and  oxide  of  iron,  other  ternary  combinations  are  formed 
with  the  other  salifiable  bases.  The  prussiate  of  barytes 
and  iron  is  crystallizable  ; the  crystals  are  rhomboidal,  and 
have  a yellow  colour  ; they  are  sparingly  soluble  in  water ; 
four  ounces,  at  65°,  not  dissolving  more  than  one  grain, 
and  only  between  five  and  six  grains  at  212°.  It  consists, 
according  to  Mr  Porret,  of  barytes  49.1,  black  oxide  of 
iron  12.42,  prussic  acid  21.89,  water  16.59.  The  prus- 
siate of  strontites  and  iron  is  less  disposed  to  crystallize : 
the  dry  mass  obtained  by  evaporation  is  readily  soluble  in 
water;  one  ounce,  at  65°,  dissolving  120  grains  f.  The 
prussiate  of  lime  and  iron  is  deposited,  by  evaporation  of 
its  solution,  in  minute  crystals  of  a yellowish  tinge.  The 
others  are  scarcely  known, 

The  presence  of  oxide  of  iron,  it  has  been  remarked, 
gives  more  distinctly  marked  saline  properties,  and  greater 
permanence  of  constitution  to  the  combinations  into  which 
the  prussic  acid  enters,  with  the  different  salifiable  bases. 
Mr  Porret  conceived  the  opinion,  that  these  compounds 
arc  not,  as  has  been  supposed,  combinations  of  prussic  acid 
with  a compound  base,  but  that  the  elements  of  the  prus- 
sic acid  combine  with  a certain  portion  of  black  oxide  of 
iron,  forming  a peculiar  acid,  and  this  acid  unites  with  the 
different  salifiable  bases,  forming  the  compounds  which 


* Nicholson’s  Journal,  4to,  vol.  iii.  p.  171. 

I Journals  of  the  Royal  Institution,  vol.  i.  p.  506. 
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have  been  denominated  triple  prnssiates.  In  conformity 
to  this,  and  what  he  regards  as  a proof  of  it,  he  tound, 
that  when  these  compounds  are  placed  in  the  voltaic  cir- 
cuit, the  prussic  acid  and  oxide  of  iron  pass  to  the  posi- 
tive pole,  and  the  base  to  the  negative.  He  endeavoured 
to  procure  this  acid  undecomposed,  by  dropping  into  a 
solution  of  the  triple  prussiate  of  barytes  and  iron,  as  much 
sulphuric  acid  as  was  necessary  to  saturate  the  barytes.  A 
fluid  was  thus  obtained,  which  he  regarded  as  the  pure 
acid  of  the  triple  prussiates.  It  was  of  a pale  lemon  co- 
lour, had  no  smell,  is  decomposed  by  a gentle  heat,  or  by 
exposure  to  a strong  light,  prussic  acid  being  formed,  and 
white  triple  prussiate  of  iron  ; it  forms  with  the  alkalis, 
earths  or  oxides,  the  salts  named  triple  prussiates;  displaces 
acetic  acid  from  all  its  combinations,  in  the  cold ; and  is 
capable  of  expelling  all  other  acids  from  their  soluble  com- 
binations, when  it  can  form,  with  their  bases,  compounds 
that  are  insoluble  in  acids.  It  is  obvious,  that  the  acidity 
of  this  substance  in  its  insulated  state,  is,  from  this  state- 
ment of  its  properties,  problematical ; but  the  hypothesis 
accounts  very  well  for  the  effects  produced  in  its  combina- 
tions, and  particularly  for  the  greater  permanence  of  the 
triple  prussiate  * ; and  the  discovery  of  it  is  interesting,  as 
it  had  not  been  before  procured.  Mr  Porret  proposed  for 
it  the  name  of  Ferruretted  Chyazic  Acid,  and  for  its  saline 
compounds  that  ot  Ferruretted  Chazates.  T hose  of  ferro- 
prussic,  and  Ferro-prussiates,  which  have  been  suggested, 


* This  circumstance  is  ascribed  by  Gay  Lussac,  with  sufficient 
probability,  to  the  mutual  affinities  of  the  two  bases  and  the  acid  •, 
and  as  analogous  in  this  respect  to  other  triple  combinations,  in 
which  frequently  the  elements  are  retained  with  greater  force  than 
in  their  binary  combinations.  He  gives  the  example  ol  alumina, 
with  sulphuric  acid,  in  which  the  combination  is  less  neutial  and 
less  permanent,  than  in  that  of  alumina,  potash,  and  sulphuric 
acid. 
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would  liavc  been  preferable.  From  bis  experiments,  it 
appears,  that  100  of  Ferru retted  Chyazic  acid  consist  of  64 
of  prussic  acid,  or  its  elements,  and  36  black  oxide  of  iron. 
Prussic  acid,  he  inferred,  consists  of  carbon  34.8,  nitrogen 
40.7,  hydrogen  24.5.  Prussiate  of  mercury  is  composed 
of  13.8  prussic  acid,  and  86.2  red  oxide  of  mercury  : Triple 
prussiate  (ferro-prussiate)  of  barytes,  of  barytes  49. 1 0,  fer- 
ruretted  chyazic  acid  34.31,  (or  prussic  acid  21.89,  black 
oxide  of  iron  12.42),  and  water  16.59  : Triple  prussiate 
(ferro-prussiate)  of  potash,  of  potash  39.34,  ferruretted 
chyazic  acid  47.66,  (or  prussic  acid  30.40,  black  oxide  of 
iron  17.26),  and  water  13: — and  Blue  prussiate  of  iron,  of 
red  oxide  of  iron  34.235,  ferruretted  chyazic  acid  53.38, 
(or  prussic  acid  34.05,  black  oxide  of  iron  19.33),  and 
water  12.385  *. 

Mr  Porret  supposed  that  the  property  of  combining 
with  prussic  acid  or  its  elements,  so  as  to  increase  its  acid 
powers,  is  not  confined  to  black  oxide  of  iron,  but  that 
it  belongs  to  many  other  bodies.  Sulphur,  in  particular, 
he  inferred,  formed  a compound  of  this  kind,  to  which  he 
gave  the  name  of  Sulphuretted  Chyazic  Acid.  It  may  be 
formed  by  submitting  a prussiate  or  triple  prussiate,  to  the 
action  of  an  alkaline  sulphnret,  or  sulphuretted  hydro-sul- 
phuret,  as  well  as  by  various  other  processes.  When 
obtained  pure,  it  is  colourless;  of  the  specific  gravity  of 
1.022;  has  a pungent  smell,  resembling  that  of  acetic  acid. 
It  consists  of  65  of  sulphur,  and  35  of  prussic  acid  or  its 
elements.  With  the  different  bases  it  forms  compounds, 
named  by  Mr  Porret  Sulphuretted  Chyazates,  many  of 
which  are  crystallizable,  and  have  the  properties  of  salts. 

From  the  origin  of  prussic  acid,  it  may  be  inferred  to 
consist  of  the  elements  that  usually  form  the  animal  pro- 
ducts. This  is  confirmed  by  the  results  of  its  analysis.  It 
was  known,  that  prussian  blue,  decomposed  by  heat,  afi 


* Philosophical  Transactions,  1S14,  IS15. 
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fords  ammonia;  and  Scheele  found,  that  ammonia  is  yield- 
ed also  by  the  other  prussiates,  with  carbonic  acid  gas  and 
residual  charcoal.  He  added  an  instructive  synthetic  ex- 
periment. Equal  parts  of  charcoal  powder  and  sub-car- 
bonate of  potash  mixed,  were  exposed  in  a crucible  to  a 
red  heat ; he  then  thrust  to  the  bottom  of  the  crucible 
nearly  the  same  proportion  of  muriate  of  ammonia,  in 
small  pieces:  in  two  minutes,  the  production  of  ammoniacal 
vapours  had  ceased  : the  matter  lixiviated  with  hot  water, 
afforded  a ley,  which  copiously  precipitated  prussian  blue 
from  sulphate  of  iron  *.  A similar,  though  less  perfect 
result,  was  obtained  when  he  substituted  plumbago.  And 
from  these  it  appears,  as  he  remarks,  that  volatile  alkali, 
with  carbonaceous  matter,  can  afford  the  acid  of  prussian 
blue.  No  farther  inference  could  be  drawn  while  the  na- 
ture of  ammonia  was  unknown  f. 

Berthollet,  when  he  discovered  the  composition  of  am- 
monia, applied  it  to  the  theory  of  the  formation,  of  prus- 
sic acid.  He  considered  it  as  a compound  of  the  elements 
of  the  ammonia,  with  a portion  of  carbon,  as  a ternary 
compound  therefore  of  carbon,  hydrogen,  and  nitrogen  J. 
The  doctrine  that  oxygen  is  the  principle  of  acidity,  and 
that  all  acids  contain  this  element,  opposed  an  objection 
to  this  ; and  some  results  were  stated  to  prove,  that  prus- 
sic acid  contains  oxygen,  particularly  that  in  the  decom- 
position of  a prussiate,  such  as  prussian  blue,  by  heat, 
however  dry  it  may  have  been  rendered,  carbonate  of  am- 
monia is  a product.  But  the  oxygen  necessary  to  form 
the  carbonic  acid,  when  this  product  is  obtained,  Berthol- 
let remarked,  is  derived  from  the  metallic  oxide,  which  is 


* Chemical  Essays,  p.  405. 

t The  same  result  is  obtained  when  ammoniacal  gas  is  trans- 
mitted over  ignited  charcoal  in  a tube,  as  was  shewn  bv  Clouet,. 
(Annales  de  Chimie,  tom.  xi.  p.  50.). 

J Memoires  de  J’Acad.  des  Sciences,  1786, 
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the  base  of  the  prussiate,  and  which  is  more  or  less  re- 
duced. And  in  confirmation  of  his  theory,  he  farther  ad- 
duced the  example  of  sulphuretted  hydrogen,  as  a proof 
that  oxygen  is  not  necessarily  required  for  the  constitution 
of  an  acid. 

Gay  Lussac,  by  more  recent  investigations  *,  has  fully 
established  this  theory,  and  has  determined  the  precise 
composition  of  prussic  acid,  and  presented  some  very  in- 
teresting results  with  regard  to  it.  As  it  can  be  made  to 
exist  in  the  gaseous  form  at  a temperature  so  slightly  ele- 
vated, he  submitted  it  to  analysis  by  detonating  its  vapour 
in  Volta’s  Eudiometer,  with  oxygen  gas.  The  products 
are  water,  carbonic  acid,  and  nitrogen  gases.  From  the 
quantities,  compared  with  the  quantity  ol  oxygen  consum- 
ed, making  a correction  for  the  formation  of  a small  por- 
tion of  nitric  acid,  he  inferred,  that  the  elements  of  prus- 
sic acid  are  carbon,  hydrogen,  and  nitrogen,  and  that  these 
are  combined  in  the  proportion  of  one  volume  of  the  va- 
pour of  carbon,  half  a volume  of  nitrogen,  and  half  a vo- 
lume of  hydrogen,  condensed  into  one  volume.  To  con- 
firm the  analysis,  he  transmitted  the  vapour  of  prussic  acid 
over  iron  wire  in  an  ignited  porcelain  tube.  Two  products 
were  obtained, — a gaseous  mixture,  composed  of  equal 
volumes  of  hydrogen  and  nitrogen,  and  charcoal  partly 
deposited  on  the  iron,  partly  combined  with  it;  results 
which  served  to  demonstrate,  that  prussic  acid  contains 
equal  volumes  of  hydrogen  and  nitrogen,  and  that  it  con- 
tains no  oxygen.  To  determine  the  quantity  of  carbon, 
he  passed  the  prussic  acid  vapour  over  brown  oxide  of  cop- 
per at  a red  heat ; it  was  entirely  decomposed,  the  copper 
was  reduced,  and  water  was  formed ; and  the  gases  dis- 
engaged were  a mixture  of  two  volumes  of  carbonic  acid 
and  one  volume  of  nitrogen.  The  volume  of  carbonic  acid 

* Annales  tie  Cliinue,  vol.  xcv.  Annals  of  Philosophy,  vol.  vi». 
anil  viii. 
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is  held  to  be  equal  to  a volume  of  the  vapour  of  carbon. 
Hence  these  combined  results  agree  with  the  first  analysis 
in  fixing  the  proportions  at  one  volume  of  the  vapour  of 
carbon,  half  a volume  of  hydrogen,  and  half  a volume  ot 
nitrogen,  condensed  into  one  volume, — and  reducing  these 
to  weight,  100  of  prussic  acid  consist  of  carbon  44.39,  ni- 
trogen 51.71,  hydrogen  3.9.  It  is  peculiarly  distinguished, 
compared  with  other  animal  substances,  and  still  more  with 
vegetable  products,  to  which  class  it  also  belongs,  by  the 
great  quantity  of  nitrogen  it  contains,  the  small  quantity  oi 
hyd  rogen,  and  the  absence  of  oxygen  *. 

From  this  composition  of  prussic  acid,  combined  with 
the  analogy  which  the  doctrine  of  chlorine,  and  still  more 
the  acidity  of  sulphuretted  hydrogen,  afforded,  it  might  be 
inferred  to  be  composed  of  a compound  base,  or  radical 
of  carbon  and  nitrogen,  combined  with  hydrogen.  Gay 
Lussac  accordingly  found,  that  on  heating  it  with  potas- 
sium, there  is  a diminution  of  volume,  and  at  the  same  time 
a production  of  hydrogen,  equal  to  half  the  volume  of  the 
prussic  acid  that  had  disappeared.  The  compound  radical 
therefore  of  carbon  and  nitrogen,  had  combined  with  the 
potassium ; and  accordingly,  on  dropping  the  solid  pro- 
duct into  water,  it  dissolved  entirely  without  effervescence, 
and  was  converted  into  simple  prussiate  of  potash ; the  pot- 
assium receiving  oxygen  from  the  water  so  as  to  torm  pot- 
ash, and  the  hydrogen  of  this  decomposed  water  re-pro- 
ducing  with  the  prussic  radical,  prussic  acid.  By  the  ac- 


* This  determination  of  the  composition  of  prussic  acid  is  very 
different  from  that  of  Mr  Porret  before  stated,  which  appears  to 
have  been  owing  to  this  chemist  having  over-rated  the  proportion  ol 
hydrogen,  bv  having  inferred  it  from  the  quantity  of  oxygen  con- 
sumed, and  having,  in  the  estimate  of  this,  supposed  the  prussiate 
of  mercury,  the  form  under  which  he  operated  on  prussic  acid,  to 
contain  oxygen,  while,  according  to  Gay  Lussac,  it  contains  none. 
(Annals  of  Philosophy,  vol.  vii.  p.  55S-). 
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tion  of  barytes  at  a low  red  heat,  and  even  of  potash,  and 
soda,  on  prussic  acid  vapour,  hydrogen  is  in  like  manner 
separated,  and  the  radical  remains  in  combination  with  the 
barytes  or  the  alkaline  base. 

It  was  convenient  to  distinguish  this  radical  by  a pro- 
per appellation.  Gay  Lussac  adopted  that  of  Cyanogen, 
derived  from  the  blue  colour  of  its  most  important  j.and 
first  known  product,  prussian  blue.  The  acid  itself  being 
a compound  of  cyanogen  with  hydrogen,  he  named  Hy- 
dro-cyanic ; its  salts,  formerly  named  prussiates,  he  names 
hydro-cyanates,  and  the  compounds  of  cyanogen,  he  de- 
nominated cyanurets. 

Gay  Lussac  succeeded  in  obtaining  cyanogen  in  an  in- 
sulated form  ; an  interesting  discovery,  as  the  first  example 
of  a compound  radical  having  been  obtained  insulated. 
The  compound  considered  as  prussiate  of  mercury,  pre- 
pared by  digesting  red  oxide  of  mercury  with  prussian 
blue,  he  found  reason  to  conclude,  is  a cyanuret  of  mer- 
cury, that  is,  a compound  of  cyanogen  with  metallic  mer- 
cury, — the  oxygen  of  the  oxide  employed  in  its  formation 
combining  with  the  hydrogen  of  the  prussic  acid,  and  the 
cyanogen  combining  with  the  metallic  quicksilver.  When 
this  substance  dry  is  exposed  to  heat  in  a retort,  it  black- 
ens, melts,  and  yields  gas,  mercury  being  also  volatilized, 
and  a charry  matter  remains.  This  gas  is  pure  Cyanogen. 
The  following  are  its  properties  : 

It  is  permanently  elastic ; its  specific  gravity  to  that  of 
air  is  1.8064.  Its  smell  is  strong  and  penetrating  ; its  so- 
lution in  water  has  a very  sharp  taste.  It  bears  rather  a 
high  temperature  without  being  decomposed;  it  burns  with 
a bluish  purple  flame.  Water  at  68°  absorbs  about 
times  its  volume ; alkohol  absorbs  23  times  its  volume. 
Sulphuric  ether  and  oil  of  turpentine,  dissolve  at  least  as 
much  as  water.  It  reddens  infusion  of  litmus ; on  heat- 
ing the  solution,  the  gas  is  disengaged,  mixed  with  a little 
carbonic  acid  from  decomposition  of  a small  portion  of 
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cyanogen,  ancl  the  blue  colour  is  restored.  It  separates  in 
the  dry  way  their  acid  from  the  carbonates.  Phosphorus, 
sulphur,  and  iodine,  are  volatilized  in  it  without  under- 
going any  change ; nor  does  it  suffer  any  change  from 
hydrogen  at  the  same  temperature,  or  on  passing  electric 
sparks  through  the  mixture.  Gold,  copper,  and  platina, 
are  not  affected  by  it  at  a red  heat ; but  iron,  when  heated 
to  whiteness,  decomposes  it  in  part.  Potassium  combines 
with  it  with  incandescence,  when  a gentle  heat  is  applied. 
It  combines  with  the  alkalis  and  earths,  being  absorbed 
rapidly  by  their  solutions,  to  which  it  communicates  a yel- 
low or  brown  colour.  The  compounds  are  analogous  to 
salts,  and  in  this  respect,  as  well  as  in  reddening  litmus, 
cyanogen  displays  the  characters  ot  an  acid.  They  are 
easily  decomposed ; the  addition  of  an  acid  causes  imme- 
diately a production  and  effervescence  of  carbonic  acid, 
and  at  the  same  time  a formation  of  ammonia,  and  hydro- 
cyanic acid.  The  metallic  oxides  do  not  act  as  the  alkalis 
do  ; for  although  the  gas  is  absorbed,  hydro-cyanic  acid  is 
not  formed  on  the  addition  of  an  acid.  Cyanogen  and 
ammoniacal  gas  slowly  combine,  or  at  least  condense  and 
form  a solid  brown  matter.  It  unites  with  sulphuretted 
hydrogen  gas,  forming  a compound  in  fine  needles,  solu- 
ble in  w'ater,  which  appears  to  be  the  sulphuretted  chyazic 
acid  of  Mr  Porret. 

Cyanogen  is  decomposed  by  detonation  with  oxygen ; 
the  products  are  carbonic  acid  and  nitrogen  ; it  is  also  de- 
composed by  metallic  oxides  at  a red  heat.  Thus  when 
transmitted  over  brown  oxide  of  copper  at  this  tempeia- 
ture,  it  affords  the  same  products,  and  the  oxide  is  1 educed 
to  the  metallic  form.  The  proportions  of  the  two  gases, 
taking  the  mean  of  the  most  accurate  experiments,  me  33.4* 
measures  of  nitrogen,  and  66.6  ol  carbonic  acid  gas,  as 
nearly  as  can  be  expected,  one  volume  of  the  former  and 
two  volumes  of  the  latter.  A volume  of  carbonic  acid  is 
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equal  to  a volume  of  the  vapour  of  carbon.  Hence  cya- 
nogen consists  of  2 volumes  of  carbon  with  1 of  nitrogen. 

(T  o 

And  from  the  density  of  the  cyanogen  gas,  as  well  as  from 
the  circumstance  that  the  nitrogen  obtained  is  the  same  in 

volume  as  the  cyanogen  decomposed,  it  follows  that  the 
elements  in  these  proportions  are  condensed  in  the  combi- 
nation into  one  volume.  One  volume  of  hydrogen  added, 
forms,  as  has  been  already  stated,  lwro  volumes  of  hydro- 
cyanic, or  prussic  acid  gas. 

Berthollet  observed,  that  prussic  acid,  when  submitted  to 
the  action  of  oxymuriatic  acid,  suffers  a chemical  change, 
and  the  oxymuriatic  passes  to  the  state  of  muriatic  acid. 
rl  he  prussic  acid  acquires  a stronger  smell,  and  appears  to 
exert  less  energetic  affinities  to  the  alkalis  : it  precipitates 
iron  green  from  its  solutions  ; and  this  precipitate  becomes 
blue  from  exposure  to  light,  or  from  the  action  of  sulphu- 
rous acid,  or  iron.  In  this  state  it  has  been  named  Oxy- 
prussic  acid.  If  it  be  farther  impregnated  with  oxymu- 
riatic acid,  and  exposed  to  the  light  of  the  sun,  it  assumes 
the  form  of  an  oily-like  matter,  of  an  aromatic  odour, 
which  subsides  to  the  bottom  of  the  vessel,  and  which,  if 
converted  into  vapour  by  the  application  of  heat,  refuses 
to  unite  with  water  or  with  oxide  of  iron. 

Oay  Lussac  found  by  an  examination  of  the  oxy-prussic 
acid,  that  it  is  composed  of  equal  volumes  of  cyanogen 
and  oxymuriatic  acid,  or  chlorine,  and  in  conformity  to 
the  nomenclature  suggested  by  this  view’,  has  named  it 
Chloro-cyanic  Acid.  He  obtained  it  pure  by  passing  a 
current  of  oxymuriatic  gas  through  a solution  of  prussic 
acid,  till  the  liquor  destroyed  the  colour  of  a solution  of 
indigo;  then  removing  the  excess  of  oxymuriatic  acid  by 
agitation  with  mercury,  and  distilling  it  with  a moderate 
heat,  an  elastic  fluid  is  disengaged,  having  the  properties 
of  oxy-prussic  acid  ; but  it  has  an  intermixture  of  carbo- 
nic acid  gas,  and  when  this  is  removed,  it  gondenses  into 
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a liquid,  as  under  the  common  atmospheric  pressure  the 
pure  oxy-prussic  acid  does  not  remain  gaseous  at  a tempe 
rature  of  60  or  70. 

Chloro-cyanic  acid,  as  Gay  Lussac  names  it,  is  coloui 
less,  and  has  a very  strong  pungent  smell ; it  reddens  lit- 
mus, is  not  inflammable,  and  does  not  detonate  when  mix- 
ed with  twice  its  bulk  of  oxygen  or  hydrogen.  Its  aque- 
ous solution  docs  not  precipitate  nitrate  of  silver,  nor  bary- 
tic  water.  The  alkalis  absorb  it  rapidly,  and  an  excess  of 
them  is  necessary  to  destroy  its  odour.  On  adding  an  acit 
to  these  compounds,  the  chloro-cyanic  acid  is  decomposed, 
a strong  effervescence  of  carbonic  acid  is  produced,  am- 
monia is  formed,  and  muriatic  acid  remains.  Gay  Lussac 
endeavoured  to  perform  its  analysis  by  detonating  the  elas- 
tic fluid  in  which  it  exists  mixed  with  carbonic  acid,  with 
oxygen,  and  a small  addition  of  hydrogen,  to  excite  the 
combustion.  The  carbonic  acid  gas  produced,  he  found 
equal  to  the  volume  of  chloro-cyanic  acid,  the  nitrogen 
which  was  the  other  elastic  product,  equal  to  half  its  vo- 
lume: it  contains,  therefore,  he  inferred,  1 volume  of  va- 
pour of  carbon,  and  half  a volume  of  nitrogen  ; from  some 
indirect  considerations,  he  farther  concluded,  that  it  con- 
tains half  a volume  of  chlorine : and  these  elements,  he 
lastly  inferred,  are  condensed  into  half  of  the  sum  of  their 
volumes.  The  proportions  of  the  elements  thus  assigned, 
come  to  the  same  as  equal  volumes  of  cyanogen  and  chlo- 
rine, united  without  any  condensation.  Hydro-cyanic  acid 
i„  like  manner  consists  of  equal  volumes  of  cyanogen  and 
hydrogen,  so  that  the  constitution  of  these  two  compounds 
is  according  to  this  view  similar,  with  the  substitution  of 
chlorine  in  the  one,  for  hydrogen  in  the  other.  Much  of 
this,  however,  can  scarcely  be  considered  as  the  direct  in- 
ference of  very  rigid  experimental  results. 
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Sect.  II. — of  the  spontaneous  decomposition  of  ani- 
mal SUBSTANCES  AT  LOW  TEMPERATURES. 

When  the  affinities  of  the  elements  of  dead  animal  mat- 
ter are  allowed  to  operate  by  that  degree  of  humidity  or 
sol t ness  which  these  substances  usually  have,  new  combi- 
nations are  established  even  at  natural  temperatures,  which 
continue  to  proceed  until  the  animal  substance  is  entirely 
decomposed.  Changes  of  this  kind  constitute  the  general 
process  oi  Putrefaction  ; though  they  are  also  considerably 
varied,  according  to  the  circumstances  under  which  they 
take  place,  and,  in  particular,  according  to  the  presence  of 
air  and  humidity. 

If  animal  matter  be  entirely  excluded  from  these  two 
agents,  in  other  words,  if  it  be  completely  dried  and  se- 
cluded from  the  atmosphere,  it  decays  very  slowly,  any 
sensible  chemical  decomposition  not  being  produced  in  it 
for  a very  great  number  of  years ; and  by  complete  desic- 
cation, animal  matter  may  be  preserved  almost  for  an  in- 
definite time. 

11  those  animal  substances  which  are  not  soluble  in  wa- 
ter, those,  for  example,  which  consist  principally  of  fibrin, 
as  the  muscular  fibre  or  flesh,  be  kept  compressed,  or  be 
immersed  in  water,  as  the  air  is  thus  nearly  excluded,  the 
series  ol  changes  are  modified,  and  the  fibrin  is  ultimately 
converted  into  a fatty  substance,  having  properties  similar 
to  those  ot  spermaceti ; and  to  which,  as  being  in  some 
measure  intermediate  between  fat  and  wax,  Fourcroy  gave 
the  name  ot  Adipocire. 

Ibis  species  oi  decomposition  was  first  particularly  ob- 
sci  ved  on  the  occasion  of  the  removal  of  a burying-ground 
in  1 atis,  containing  common  graves,  or  receptacles  destin- 
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ed  for  the  poor,  in  which  a number  of  bodies  were  accumu- 
lated together,  and  afterwards  covered  with  earth.  It  was 
known  to  the  grave-diggers,  that  alter  a number  ol  years 
they  were  converted  into  a species  of  fatty  matter  . Four- 
croy  examined  the  appearances  presented,  and  gave  a me- 
moir on  the  subject  *.  The  change  was  found  to  take 
place  very  gradually.  The  humours  of  the  body  first  ap- 
peared to  pass  into  putrefaction,  the  products  of  which 
would  escape  chiefly  in  the  gaseous  form.  The  more  solid 
matter  underwent  a slower  decomposition,  the  first  pro- 
duct of  which  appeared  to  be  principally  ammonia,  which 
combining  with  the  altered  fibrin  formed  a species  of  soap. 
The  transition  of  the  fibrin  towards  a species  of  fat  conti- 
nued to  proceed : the  ammonia  seemed  at  the  same  time 
to  escape,  or  to  be  decomposed,  and  at  length  the  residue 
was  converted  into  the  unctuous  product  named  Adipocire. 
This  substance  was  considered  as  a peculiar  product  of 
decomposition,  uniform  and  homogeneous.  But,  accord- 
ing to  Chevreul,  it  is  a species  of  soap,  formed  of  marga- 
ric  acid  with  liquid  fat.  It  has  been  shewn  by  Dr  Gibbes, 
that  when  the  flesh  of  animals  is  immersed  under  water, 
it  is  converted  into  a similar  substance:  in  a piece  of 
lean  beef,  secured  in  a running  stream,  the  conversion  was 
effected  in  the  course  of  a few  months ; and  it  was  also 
produced  by  the  agency  of  dilute  nitric  acid  j-.  In  these 
changes,  part  of  the  nitrogen  and  hydrogen  appear  to  com- 
bine and  form  ammonia,  while  another  portion  of  hydro- 
gen with  carbon,  and  a portion  ol  oxygen,  form  the  resi- 
dual matter. 

When  the  atmospheric  air  is  not  entirely  excluded,  and 
moisture  is  present,  the  process  more  strictly  named  Putre- 
faction takes  place.  This  has  been  defined,  that  species  of 

Annales  de  t hiroic,  tom.  v.  p.  154. 
i Philosophical  Transactions,  1794,  179u. 
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decomposition  or  change  in  the  mixture  of  organic  matter, 
by  which  ammonia  ami  a particular  effluvium  of  a most 
offensive  smell,  called  Putrid,  are  formed.  It  takes  place 
only  in  those  substances  which,  besides  carbon  and  hydro- 
gen, contain  nitrogen  and  phosphorus  : such  are  the  ani- 
mal products  and  vegetable  gluten.  The  circumstances 
more  peculiarly  favourable  to  it,  are  a due  degree  of  heat 
and  moisture,  and  the  access  of  air. 

The  temperature  which  is  most  favourable  to  putrefac- 
tion, is  that  from  60  to  80.  Too  high  a heat  retards  it, 
by  dissipating  humidity;  cold  checks  it,  by  increasing  that 
cohesion  which  counteracts  chemical  action  ; and  it  com- 
pletely prevents  it,  when  the  temperature  is  such  as  to  pro- 
duce congelation. 

Communication  with  the  atmosphere  is  necessary  to  ad- 
mit of  the  formation  and  escape  of  the  elastic  products ; 
the  presence  of  the  air  too,  to  a certain  extent,  favours  the 
change,  apparently  by  the  action  of  oxygen.  Hence  pu- 
trefaction is  retarded  in  an  atmosphere  of  carbonic  acid 
gas.  On  this  is  founded  the  process  of  Appert,  for  pre- 
serving animal  and  vegetable  substances  from  putrefaction, 
and  which  affords  at  once  the  best  proof  and  illustration  of 
the  fact.  The  process  consists  in  inclosing  the  substances 
in  bottles  or  jars,  which  being  filled  are  corked  very  close- 
ly, and  a lute  applied  over  the  cork,  composed  of  cheese 
and  lime,  which  hardens  speedily,  and  if  well  applied 
prevents  effectually  any  admission  of  the  air.  The  bot- 
tles thus  prepared  are  placed  in  water,  which  is  then 
heated  up  to  the  boiling  point,  and  they  are  subjected  to 
this  temperature  for  a certain  time,  longer  or  shorter  ac- 
cording to  the  kind  of  matter  operated  on.  While  the  air 
remains  excluded,  the  substance  remains  perfectly  un- 
changed, and  may  thus  be  preserved  for  months  or  years; 
but  if  admitted  even  in  small  quantity,  if  the  luting  or 
cork,  for  example,  is  in  the  slightest  degree  defective,  it 
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is  soon  tainted.  The  small  portion  of  air  found  in  the 
bottles  after  the  operation,  is  found  deprived  of  oxygen. 

In  this  process,  too,  is  displayed  a singular  and  impor- 
tant fact  with  regard  to  the  agency  of  oxygen  in  putrefac- 
tion. The  bottles  being  closed  previous  to  the  exposure 
to  heat,  must  necessarily  contain  with  the  included  matter 
a portion  of  air ; and  if  heat  were  not  applied,  or  even  if 
applied  imperfectly,  putrefaction  would  take  place.  1 his 
proves  that  the  effect  of  the  high  temperature  is  to  produce 
some  kind  of  combination  of  the  oxygen  of  the  air  with 
the  animal  or  vegetable  matter,  not  leading  to  putrefaction, 
or  even  counteracting  it,  while  by  this  combination  it  is  ef- 
fectually removed.  The  air  accordingly,  where  the  process 
is  successful,  is  deprived  of  oxygen;  but  if  the  heat  were  not 
sufficiently  prolonged,  and  all  the  oxygen  of  the  air  in  the 
bottles  not  exhausted,  putrefaction  soon  came  on.  If  the 
bottles  were  opened  only  for  a short  time  and  again  closed, 
without  heat  being  applied,  the  inclosed  substances  soon 
putrefied  : as  they  did  also  from  mere  exposure  to  the  air. 
But  if,  after  having  been  exposed  even  for  an  hour  or  two, 
they  were  re-placed,  the  vessels  again  accurately  closed, 
and  then  the  due  degree  of  heat  applied,  they  could  be 
preserved  as  at  first.  And  this  repeated  exposure  to  the 
air,  and  removal  of  its  operation  by  heating,  it  appears 
from  Gay  Lussac’s  expeiiments,  can  be  renewed  a number 
of  times.  Nay,  by  occasional  exposure  to  the  heat  of 
boilincr  water,  without  the  exclusion  of  the  air,  he  found 
the  exemption  from  putrefaction  to  be  attained.  It  is  in 
consequence  of  this,  that  Appert’s  method  is  so  much  more 
successful  than  that  which  had  been  before  used,  of  closing 
the  vessels  alter  heat  had  been  applied  ; for  although  in  the 
latter  mode  the  interposed  air  might  be  expected  to  be 
more  effectually  expelled,  still  the  portion  which  entered 
again  before  the  closing  could  be  completed  was  sufficient, 
when  its  effect  remained  uncounteracted  by  heat,  to  excite 
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the  putrefactive  change.  The  theory  of  these  effects  is 
not  very  apparent.  Gay  Lussac  supposes,  that  the  oxy- 
gen may  combine  with  that  principle  analogous  to  gluten, 
which  excites  fermentation,  and  which  may  equally  excite 
putrefaction  ; that  this  by  a kind  of  coagulation  is  sepa- 
rated by  heat,  and  thus  rendered  inert;  and  that  it  is  only 
that  part  of  it  which  has  suffered  oxygenation  which  is 
capable  of  this  coagulation  ; it  is  thus  removed,  while  the 
exclusion  of  oxygen  prevents  the  putrefaction  from  taking- 
place,  which  would  otherwise  be  excited  by  the  remainder. 
But  this  is  rather  hypothetical  and  unsatisfactory.  And 
indeed  the  theory  of  the  operation  of  antiseptics  is  alto- 
gether imperfectly  understood.  Substances  of  the  most 
discordant  kind,  alkohol,  aromatics,  sugar,  salt,  are  all 
employed  with  more  or  less  success;  and  it  is  difficult  to 
conceive  of  any  common  agency  by  which  their  effects  can 
be  explained ; or  with  regard  to  some  of  them,  common 
salt  for  example,  of  any  operation  whatever  by  which  they 
should  be  capable  of  counteracting  the  changes  which  con- 
stitute putrefaction  *. 

W hen  putrefaction  commences,  the  matter  emits  a slight- 
ly offensive  smell,  which  soon  becomes  extremely  foetid ; 
the  taste  becomes  nauseous:  the  colour  is  greenish:  the 
firmness  and  cohesion  of  the  substance  are  also  diminish- 
ed, and  at  length  it  becomes  soft  and  pulpy ; its  smell  be- 
coming more  and  more  offensive.  It  thus  continues,  los- 
ing weight,  until  the  decomposition  is  completed,  and  lit- 
tle remains  but  an  earthy  residuum. 

In  this  process,  the  putrefying  matter  is  resolved  into 
new  compounds,  which  escape  in  the  gaseous  form.  The 

A ppert  on  Preserving  Animal  and  Vegetable  Substances; 
also  Memoir,  Annales  de  Chimie,  tom.  xlvi.  ; or  Nicholson’s 

Journal,  \ol.  vii.  Memoir  by  Gay  .Lussac,  Nicholson’s  Journal, 
vol.  xxxi. 
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precise  nature  of  these  combinations  has  not,  from  the 
offensiveness  of  the  process,  been  very  accurately  ascei- 
tained,  and  they  probably  vary  somewhat  according  to  the 
nature  of  the  animal  substance,  and  the  circumstances  un- 
der which  the  putrefaction  takes  place.  A few  experiments 
with  regard  to  them  were  made  by  Guyton  Ammonia 
is  formed  by  the  union  of  the  nitrogen  and  hydrogen  of 
the  animal  matter ; it  appears  to  be  one  ol  the  first  pro- 
ducts, and  it  is  often  accompanied  by  a production  oi  ace- 
tic acid,  by  which  it  is  neutralized;  hence  Guyton  found, 
that  the  effluvia  from  a putrid  substance  indicated  no  pre- 
sence of  am  ft)  on  ia  by  the  most  delicate  vegetable  colouis; 
but  unequivocal  signs  of  it  were  afforded,  on  exposuie  to 
the  vapour  arising  from  the  action  oi  lime  on  watei  which 
had  been  exposed  to  the  action  of  these  effluvia.  Carbo- 
nic acid  gas  seems  to  be  formed  in  every  stage  of  the  pro- 
cess ; it  is  easily  detected  in  considerable  quantity  by  the 
effect  on  lime-water,  and  seems  to  constitute  the  chief 
part  of  the  elastic  product.  Phosphuretted  hydrogen  ap- 
pears to  be  disengaged,  since  this  gas,  even  when  obtain- 
ed pure,  has  very  perceptibly  the  odour  more  peculiarly 
putrid;  or  perhaps  phosphorus  may  be  disengaged  in  com- 
bination with  nitrogen,  giving  this  odour.  Sulphuretted 
hydrogen  makes  another  part  of  the  vapours  disengaged 
from  putrefying  substances ; as  these  vapours  have  in  some 
degree  its  smell,  and  are  capable  of  blackening  the  metals, 
a peculiar  property  of  this  gas.  The  air  over  putrid  mat- 
ter, Guyton  found,  produced  a dark-coloured  pellicle  and 
precipitate  from  solutions  of  silver  and  lead.  It  is  probable 
too,  that  not  only  these  binary  combinations,  but  com- 
pound gases,  consisting  of  three  or  more  ol  these  elements 
with  oxygen,  are  formed  and  disengaged.  The  putrid  o- 
dour  seems  to  arise  from  a minute  portion  of  matter  which 


* Treatise  on  the  Means  of  Purifying  Infected  Air,  p.  75 
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is  volatile,  and  which  is  capable  of  being  diffused  through 
aeriform  fluids,  or  slightly  combined  with  them. 

This  change,  then,  consists  in  the  elements  of  the  ani- 
mal substance  entering  into  new  combinations,  which  pass 
off’ in  the  gaseous  form,  the  earthy  and  saline  matter  form- 
ing the  residuum. 

Putrefaction  is  the  great  process  employed  by  nature,  to 
separate  the  principles  which  vegetation  and  animalization 
had  combined,  to  restore  the  elements  of  bodies  to  their 
simpler  forms,  and  thus  to  be  subservient  to  their  recom- 
position. It  is  a process  which  necessarily  goes  on  at  the 
surface  of  the  earth ; its  products  are  diffused  through  the 
atmosphere,  absorbed  by  water,  or  form  part  of  the  soil. 
They  furnish  the  principal  nutritious  matter  for  the  sup- 
port and  growth  of  vegetables,  and  they  are  thus  again 
brought  into  new  combinations,  which  are  prepared  for 
assimilation  in  the  animal  system. 


INDEX 


A 

A CETATES 
Acetic  acid  ^ 
Acetous  acid  J 
Acids 

. vegetable 

Acrid  principle 

Actynolite 

Adipocire 

Adularia 

iEthrioscope 

Affinity,  chemical 

complex 

disposing 

. elective 

reciprocal 

resulting 

Agate 

Aggregation 
Air,  atmospheric 
Alabaster 
Albumen,  animal 

. vegetable 

Alkohol 

of  sulphur 

Alembic 

Alkalis 

Alkali,  mineral 

vegetable 

volatile 

Alloys 

Alum 

Alumina 

Aluminous  salts 

Amalgam 

Amber 

Amer 

Amethyst 


Vol.  Pag. 
iv.  410,  413 


Amianth 
Ammonia 
- salts  of 


301,  401 


ii.  95,  155 
iv.  251 
338 

iii.  5 66 

iv.  632 
iii.  584 

i.  370 
56 
169 
116 
160 
79 
114 
iii.  581 
i.  32 
ii.  12,  28 

iii.  549 

iv.  447 


132,  136 
364 
ii.  361 

i.  293 

ii.  508 
602 
545 
513 

iii.  171 
87,  543 

76 

83 

297 

641 

iv.  239 
iii.  579 


Ammonium 
Ammoniuret  of  copper 
Amniotic  acid  | 

liquor  j 

Analcime 
Analysis 
Andalusite 
Anhydrite 
Animal  substances 

heat 

Anime 

Annota 

Anthophyllite 

Anthracite  h. 

Antimony 

ores  of 

Apatite 
Aphrite 
Apophyllite 
Apparatus,  pneumatic 

. Woolfe’s 

Aquafortis 
Aqua  regia 
Arbor  Diana: 

Archil 

Argil 

Argillaceous  fossils 

Aron>A 

Arragonite 

Arseniates 

Arseniated  hydrogen 
Arsenic 

ores  of 

tests  to  discover 

Arsenic  acid 
Arsenious  acid 


VoL  Pag. 
ii.  565 

ii.  513 
537 
521 

iii.  312 

iv.  689 

iii.  589 
i.  58 

iii.  586 
550 

iv.  427 
484 
194 
330 

iii.  567 
301,  iii.  637 
iii.  406 
623 
559 
552 
589 

i.  293 
287 

ii.  195 
477 

iii.  213 

iv.  330 

iii.  76 
568 

iv.  332 
iii.  555 

431 

434 

423 

624 

441 

427 

425 


INDEX 


672 


Vol.  Pag. 

Arthritic  concretions  iv.  58b 

Asbestos  iii-  565 

Asparagin  iv.  336 

Asparagus  stone  iii.  559 

Asphaltum  641 

Atmospheric  air  ii.  1 2,  28 

Atmospheric  stones  iii.  609 

Attraction  i.  30 

of  cohesion  33 

chemical  54 

Augite  iii.  593 

Aurum  musivum  381 

Axestone  586 

Axinite  595 

Azote  ii.  21 

Azurite  iii.  591 


B 


Boracite 

VoL  Pag. 
iii.  562 

Boracium 

ii.  410 

Borates 

ii.  415 

Borax 

622 

native 

iii.  542 

Boron 

ii.  410 

Botryolite 

iii.  560 

Brain 

iv.  632 

Brass 

iii.  398 

Brazil  wood 

iv.  328 

Bread 

399 

Brewing 

357 

Bronze 

iii.  386 

Brouzite 

567 

Brown  spar 

558 

Butter 

iv.  501,  627 

vegetable 

156 

C 


Balsams 

iv. 

201 

Barilla 

ii. 

611 

Barytes 

iii.  11 

salts  of 

20 

Barytic  minerals 

545 

Barium 

13 

Basalt 

573 

Bell  metal 

887 

Benzoates 

iv. 

299 

Benzoic  acid 

295 

Beryl 

iii. 

577 

Bildstein 

586 

Bile 

iv. 

525 

Biliary  calculi 

533 

Birdlime 

146 

Bismuth 

iii. 

400 

Bismuth  ores 

623 

Bitter  acid 

iv. 

601 

principle 

335 

spar 

iii. 

55  7 

Bitumens 

640 

Bitumen  elastic 

641 

Bituminous  wood 

638 

Bleaching 

ii. 

458 

Blende 

ii;. 

622 

Blood 

iv. 

445 

Bloodstone 

iii. 

582 

Blowpipe 

i. 

49fi 

Blue  spar 

iii. 

591 

Boles 

575 

Bombic  acid 

iv. 

611 

Bone 

612 

Boracic  acid 

ii.  408, 

414 

. native 

iii. 

538 

Cacholong  iii.  581 

Calamine  621 

Calcareous  fossils  549 

spar  551 

Calcination  133 

Calcium  41 

Calculi,  arthritic  iv.  588 

biliary  533 

urinary  568 

Calico-printing  325 

Calomel  iii.  286 

Caloric  i.  201 

- absolute  quantity  of,  in 
bodies  436 

distribution  of  205 

capacities  of  bodies  for  392 

combined  451 

communication  of  308 

quantities  of  in  different 

bodies  371 

quantities  of  in  different 

forms  of  bodies  404 

effects  of  235 

latent  405 

nature  of  461 

radiation  of  327 

rays  of  in  the  solar  beam  549 

sources  of  476 

• specific  371 

Calorimeter  381 

Calx,  metallic  iii.  133 

Camphor  iv.  178 

■ ■ . ■ artificial  185 


INDEX.  673 


Vol.  Pag. 

Camphor,  oil  of 

iv.  183 

Camphorates 

184 

Camphoric  acid 

184 

Caoutchouc 

139 

Carbon 

ii.  292 

Carbonates 

329 

Carbonic  acid 

321 

• oxide 

333 

Carbo-sulphurets 

365 

Carburetted  hydrogen 

341,  344 

sulphur 

360 

Carnelian 

iii.  581 

Cartilage 

iv.  604 

Caseous  matter 

502 

Cats  eye 

iii.  580 

Catechu 

iv.  223 

Cerassin 

491 

Cerebral  pulp 

632 

Cerin 

318 

Cerite 

iii.  634 

Cerium 

511 

Cerusse 

364 

Cetine 
Cetic  acid  J 

iv.  632 

Chabasite 

iii.  589 

Chalcedony 

581 

Chalk 

555 

Charcoal 

ii.  302 

Chemistry,  definition  of 

i.  1 

applications  of 

5 

arrangements  of 

ii.  1 

history  of 

i.  10 

Cheese 

iv.  501 

Chiastolite 

iii.  585 

Chlorates 

476 

Chloric  acid 

474 

Chlorides 

447 

Chlorine 

441 

Chlorionic  acid 

499 

Chlorite 

564 

Chloro-cyanic  acid 

iv.  662 

Chlorophanc 

i.  542 

Chlorous  oxide 

iv.  467 

Chlorarets 

ii.  447 

Choak  damp 

iii.  322 

Cholesteric  acid 

iv,  535 

Cholesterine 

534 

Chrome 

iii.  488 

acid  of 

491 

— ores  of 

630 

Chromates 

491 

Chromic  acid 

491 

Chrysoberyl 

571 

Chrysolite 

593 

Chrysoprase 

579 

Chyazic  acid,  ferruretted 

iv.  655 

u.  . ■ — sulphuretted 

656 

Vol. 

Pag. 

Chyazates 

iv. 

656 

Chyle 

432, 

495 

Chyme 

432, 

499 

Ciceric  acid 

273 

Cinchonin 

247 

Cinnamon  stone 

ui. 

592 

Cinnabar 

295, 

603 

Citrates 

iv. 

269 

Citric  acid 

266 

Clay 

iii. 

575 

stone 

575 

slate 

576 

Clink-stone 

i ' 

573 

Coal 

637 

gas 

ii. 

355 

Cobalt 

iii. 

444 

ores  of 

626 

Coelestine 

547 

Coccolite 

594 

Cohesion 

i.  32 

, 90 

Cold,  production  of 

501 

radiation  of 

359 

Colouring  matter 

iv. 

319 

Columbic  acid  ) 
Columbium  j 

iiL 

506 

Combination 

i.  57 

, 62 

Combustion 

ii. 

65 

Copal 

iv. 

193 

Copper 

iii. 

299 

ores  of 

604 

Cork 

iv. 

314 

Corundum 

iii.  569, 

570 

Crassamentum 

iv. 

453 

Cream 

501 

Cross  stone 

iii. 

590 

Crucibles 

i. 

494 

Cryolite 

iii. 

576 

Cryophorus 

i. 

504 

Crystals,  forms  of 

l.  40,  53 

Crystallization 

35 

Cube  spar 

iii. 

550 

Cubizite 

589 

Cucurbit 

i. 

495 

Cupellation 

iii. 

179 

Cupel 

i. 

495 

Cyanite 

572 

Cyanogen 

iv. 

660 

Cyanuret 

660 

Cystic  oxide 

575 

D 

Datholite 

iii 

560 

Decomposition 

L 

58 

Decrepitation 

i.  40,  ii 

185 

Deflragration 

90 

Deliquescence 

i.  40,  ii 

185 

Detonation 

ii 

93 

VOL.  IV 


U U 


674; 


INDEX 


Vol.  Pag. 

Devitrification 

iii.  106 

Dew 

i.  367 

Diallagc 

iii.  567 

Diamond  ii.  292,  iii-  636 

Digestion  iv 

. 431,  521 

Distillation 

i.  284 

Dolomite 

iii.  558 

Dyeing 

iv.  322 

E 

Earths 

iii  1 

Efflorescence  i.  40,  102,  ii-  185 

Egyptian  pebble 

iii.  582 

Elain 

iv.  626 

Elastic  gum 

139 

Elasticity 

i.  97 

Electricity 

577 

voltaic 

590 

Elemi 

iv.  1 94 

Emerald,  oriental 

iii.  569 

occidental 

577 

Emery 

570 

Emetin 

iv.  249 

Enamel 

iii.  108 

Epidote 

595 

Ether 

iv.  376 

acetic 

396 

fluoric 

396 

muriatic 

389 

nitric 

387 

— — phosphoric 

395 

sulphuric 

376 

Etiolation 

i.  560 

Euchlorine 

ii.  468 

Euclase 

iii.  578 

Eudiomctry 

ii.  31 

Eudiometer  of  nitrous  gas 

230 

hydrogen  gas  i. 

587,  ii.  103 

—— — — of  phosphorus 

374 

, sulphurets 

287 

Evaporation,  artificial 

i.  269,  283 

spontaneous 

ii.  47 

Expansion 

i.  235 

Extract 

iv.  203 

Extracts 

210 

Eye,  fluids  of 

590 

F 

Eat 

622 

Feather 

607 

Fecula 

95 

Feldspar 

iii.  583 

Ferment 

iv.  344 

Fermentation 

337 

. acetous 

401 

■ - . ... putrefactive 

421 

Vol.  Pag. 

Fermentation,  vinous 

iv.  338 

Fermented  liquors 

356 

Ferro-prussic  acid 

655 

Fettstein 

iii.  587 

Fibrin 

iv.  453,  460 

Figure  stone 

iii.  586 

Fire  damp 

ii.  346 

Fixed  air 

322 

Flesh 

iv.  597 

Flint 

iii.  581 

Fluates 

ii.  482 

Fluidity 

i.  261 

Fluor  spar 

iii.  560 

Fluo-boric  acid 

ii.  489 

Fluoric  acid 

479 

Flux,  black  and  white  ii. 

589,  iii.  144 

Formic  acid 

iv.  611 

Freezing  mixtures 

i.  505 

Fullers  earth 

iii.  576 

Fulminating  powder 

ii.  590 

Fuming  liquor  of  Boyle 

534 

Furnaces 

i.  490 

Fusible  metal 

iii.  405 

G 

Gadolinite 

iii.  597 

Galena 

619 

G abates 

iv.  259 

Gallic  acid 

251 

Galvanism 

i.  590 

Garnet 

iii.  591 

Gas 

i.  257,  269 

Gastric  fluid 

iv.  5^9 

Gazometer 

i.  291 

Gelatin,  animal 

iv.  592 

Gems 

iii.  569 

Germination 

iv.  35 

Girasol 

iii.  580 

Glass 

103 

Glauberite 

551 

Glucine 

115 

Glucine  fossils 

577 

salts  of 

117 

Glue 

iv.  593 

Gluten,  animal 

453 

... vegetable 

124 

Gneiss 

iii.  594 

Gold 

178 

fulminating 

188 

ores 

598 

Gong  metal 

387 

Goulard's  extract 

iv.  418 

Granite 

iii.  594 

Graphite  ii.  299, 

iii.  539,  636 

Grenatite 

592 

Greenstone 

594 

INDEX 


675 


Cube 

Gum 

Gum  resin 

Gun-powder 

Gypsum 

anhydrous 


Vol. 

iv. 


11. 

iii. 


Pag. 

199 

85 

197 

588 

519 

550 


Hydro  sulphurets 

•sulphuric  acid 
■sulphurides 


H 


u. 

iii. 


Hard  spar 
Hasmatite 

Hasmatine  iv. 

Hair 

Hauyne  iii. 

Heat  i. 

latent 

sources  of' 

from  combustion 

■ from  combustion  by  oxygen 

from  friction 

from  the  solar  rays 

from  electricity 

from  condensation 

Heavy  inflammable  air 

spar 

Heliotrope 
Hoar  frost 
Hollow  spar 
Honey 
Honeystone 
Horn 

Horn  silver 
Hornblende 
Homstone 
Humours  of  the  eye 
Hyacinth 
Hyalite 
Hydrates 
Hydriodates 
Hydriodic  acid 
Hydrogen  gas 

_ arseniated 

- carburetted  and  oxy- 

carburetted  1U 

. pliosphuretted 

sulphuretted 

super-sulphuretted 

telluretted 


586 

612 

329 

607 

591 

201 

405 

476 

489 

499 

463 

483 

484 

485 
350 
544 
582 


Hydrophanes 
Hydrurets 
Hygrometer 
Hygromctric  water 
Hyper-oxymuriatic  acid 
■oxymuriates 


Hypo-phosphorous  acid 

phosphites 

Hyperstone 


Jade 

James’s  powder 

Jargon 

Jasper 

Jelly,  vegetable 

Ignition 

Indigo 

Inflammable  air 

Ink 

Inulin 

Iodates 


i.  367 

Iodine 

iii.  585 

Iridium 

iv.  121 

Iron 

iii.  644 

ores  of 

iv.  606 

I serine 

iii.  207 

Ittria 

572 

salts  of 

582 

Ittro-cerite 

iv.  590 

Ittro-tantalite 

iii.  596 

580 

ii.  151 

502 

Kaolin 

500 

Kelp 

99 

Kermes  mineral 

iii.  434 

Kino 

K 


Ilydroguretted  sulphur 

— sulphurets 

Hydro-carbonic  acid 

chloric  acid 

chlorates 

——cyanic  acid 
_____ — cyanates 
phosphoric  gas 

... sulphuretted  acid 


ill. 

ii. 


341 

396 

272 

281 

496 

281 

284 

352 

439 

439 

660 

606 

404 

274 


Lac,  red 
Lactic  acid 
Lakes 

Lamp  furnace 

Lazulite 

Lead 

ores  of 

sugar  of 

Lepidolite 

Leucite 

Libavius,  liquor  cf 

Lievrite 


Vol.  Pag. 

ii.  280 
273 
280 

iii.  580 

ii.  108 

46 

56,  144 
473 
476 
395 
3!K» 

iii.  567 


585 
417 
596 
582 
jv.  103 

i.  300 
iv.  235 

ii.  99 
iv.  233 

102 

ii.  506 
492 

iii.  243 
316 
608 
633 
119 
122 

597,  634 
597,  634 


81 

ii.  610 

iii.  420 

iv.  223 


195 
509 
327 
i.  496 

iii.  590 
353 
617 

iv.  418 
iii.  572 

593 

378 

595 


67t> 


INDEX, 


Vol.  Pag. 

Ligaments 

iv.  601 

Light 

i.  531 

Lignin 

iv.  310 

Lime 

iii.  40 

salts  of 

46 

Limestone,  granular 

553 

compact 

554 

Liquor  silicum 

103 

Litharge 

355 

Lithie  acid 

iv.  555 

Lithina 

ii.  635 

I .ithium 

636 

Lithomargc 

iii.  575 

Litmus 

iv.  330 

Logwood 

329 

Lomonite 

iii.  588 

Lucullite 

554 

Luna  cornea 

207 

Lydian  stone 

582 

f -yrnph 

iv.  512 

M 

Made 

iii.  585 

Madder 

iv.  329 

Magnesia 

iii.  62 

native 

561 

Magnium 

63 

Malates 

iv.  263 

Malic  acid 

261 

Malachite 

iii.  605 

Maltha 

640 

Manganese 

462 

ores  of 

628 

Manna 

120 

Manures 

53 

Marble 

554 

Margaric  acid 

iv.  628 

Margarine 

167,  62S 

Marl 

iii.  555 

Massicot 

355 

Mastich 

iv.  193 

Matrass 

i.  495 

Meconic  acid 

iv.  306 

Meionite 

Hi.  585 

Meerschaum 

561 

Melanite 

592 

Mellite 

644 

Mellitic  acid 

644 

Membrane 

iv.  597 

Menachanitc 

iii.  632 

Menilite 

580 

Mercury.  Sec  Quicksilver. 

Mesotype 

588 

Metals 

129 

Metallic  alloys 

171 

arborescence 

160 

calcination 

133 

Vol.  Pag. 

Metallic  ore. 

iii.  174 

■■  oxidation 

135 

phosphurets 

171 

reduction 

143 

salts 

149 

sulphurets 

164 

Meteoric  stones 

608 

Mica 

572 

Milk 

iv.  500 

sugar  of 

504 

Mineral  chameleon 

Hi.  471 

compounds 

519 

pitch 

640 

waters 

660 

Minerals,  arrangement  of 

529 

analysis  of 

646 

characters  of 

530 

earthy 

545 

inflammable 

635 

■ metallic 

598 

saline 

537 

Minium 

355 

Mispickel 

605 

Mocho  stone 

581 

Molybdenum 

475 

ores  of 

629 

Molybdic  acid 

480 

Molybdates 

481 

Moon  stone 

585 

Mordants 

iv.  323 

Moroxylic  acid 

303 

Morphin 

304 

Mosaic  gold 

iii.  381 

Mountain  blue 

604 

cork 

566 

green 

605 

leather 

566 

Mucilage 

it.  85,  91 

Mucous  acid 

508 

Mucus  iv 

. 450,  513 

Muffle 

i.  495 

Murion 

u.  430 

Muriates 

438 

Muriatic  acid 

417 

Muscle 

iv.  597 

N 

Nacre 

621 

Naples  yellow 

Hi.  423 

Naptha 

640 

Narcotic  principle 

iv.  334 

Natrolite 

iii.  589 

Natron,  native 

539 

Nephritic  stone 

586 

Nerve 

iv.  636 

Neutralization  i 

120,  169 

INDEX.  677 


Vol.  Pag. 

Neutral  salts  i.  20, 

ii.  169,  183 

Nigrine 

iii.  632 

Nickel 

453 

ores  of 

627 

Nickeline 

458 

Nitrates 

ii.  209 

Nitre 

582 

native 

iii.  539 

sweet,  spirit  of 

iv.  388 

Nitric  acid 

ii.  195 

oxide  n 

221 

ether 

iv.  387 

Nitrites 

ii.  217 

Nitrogen  gas 

21 

Nitrous  oxide 

235 

• acid 

210 

gas 

221 

Nitroxides 

243 

Nitro-muriatic  acid 

477 

Nomenclature  of  salts 

187 

0 

Obsidian 

iii.  583 

Ochre 

575 

Oisanite 

632 

Oil,  fixed  or  expressed 

iv.  155 

volatile  or  essential 

173 

Olefiant  gas 

ii.  347 

Oleic  acid 

iv.  168,  629 

Oil,  sweet  principle  of 

171,  627 

©livin 

iii.  593 

Onyx 

581 

Opal 

580 

Ores,  metallic 

174,  598 

Orpiment 

437,  605 

Orthite 

597 

Osmium 

251 

Oxalates 

iv.  277 

Oxalic  acid 

271 

Oxide 

ii.  95 

Oxiodates 

506 

Oxidation 

r 94 

Oxiodic  acid 

503 

Oxygen  gas 

14 

Oxygenation 

94 

Oxycarburetted  hydrogen 

gases 

341,  360 

Oxymuriatic  acid 

439 

Oxymuriatcs 

464 

Ozmazome 

iv.  635 

P 

Palladium 

iii.  260 

Pancreatic  fluid 

iv.  518 

Pastes, 

iii.  107 

Pearl 

iv.  621 
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Pearl  ash 

ii.  565 

Peail  spar 

iii.  558 

Pearl  stone 

583 

Pea  stone 

553 

Peehblende 

633 

Peroxymuriatic  acid 

ii.  467 

Perspiration 

iv.  492 

Petroleum 

iii.  640 

Petrosilex 

582 

Petuntse 

81 

Pewter 

389 

Pharmaciolite 

626 

Phlogisticated  air 

ii.  21 

Phlogiston 

65 

Phosgene  gas 

451 

Phosphates 

390 

Phosphatic  acid 

394 

Phosphites 

393 

Phosphorescence 

i.  536 

Phosphori 

iii.  536 

Phosphorite 

538 

Phosphoric  acid 

ii.  384 

Phosphorous  acid 

391 

Phosphorus 

367 

Phosphuretted  hydrogen 

397 

sulphur 

405 

Photometer 

i.  357 

Picromel 

iv.  530 

Pisolithe 

iii.  553 

Pistacite 

595 

Pitchstone 

583 

Plaster 

iv.  170 

Pleonaste 

iii.  571 

Platina 

218 

native 

600 

Plumbago  ii.  299. 

iii.  539,  636 

Pollenin 

iv.  95 

Polychroite 

207 

Porcelain 

iii.  81 

Reaumur's 

107 

clay 

575 

Porphyry 

584 

Potash 

ii.  546 

Potash,  salts  of 

577 

Potassium 

548 

Potstone 

iii.  563 

Prase 

579 

Prehnite 

590 

Prussian  blue 

iv.  638,  648 

Prussiates 

644 

Prussic  acid 

302.  638 

Pumice 

iii.  583 

Purpuric  acid 

iv.  562 

Purple  powder  of  Cassius 

iii.  191 

Pus 

iv.  515 

Putrefaction 

664 

Putty 

iii.  372 

rki)Ex 
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Pyenitc 

iii.  571 

Pyrites,  iron 

319,616 

arsenical 

625 

— copper 

607 

Pyro-acetic  spirit 

iv.  412 

Pyrolignous  acid 

315 

Pyro-tartarous  acid 

294 

Pyrometer 

i.  226,  230 

Pyrophorus 

ii.  392 

Pyrope 

592 

Pyroscope 

i.  355 

Pyro-physallitc 

iii.  571 

Q 

Quartation 

180 

Quartz 

578 

stalactites 

102 

Quercitron 

iv.  329 

Quicksilver 

iii.  266 

— — ores  of 

602 

— salts 

271 

fulminatng 

293 

R 

Radiant  caloric 

i.  327 

■ cold 

359 

Rain 

ii.  57 

Realgar 

iii.  437,  605 

Receiver 

i.  286 

Rectification 

292 

Red  lead 

iii.  355 

Resin 

iv.  189 

— — fossil 

iii.  6 41 

of  copper 

310 

Respiration 

464 

Retort 

i.  286 

Rhodium 

iii.  256 

Rhomb  spar 

557 

Rice  stone 

iii.  108 

Rock  crystal 

578 

Rock  salt  ii. 

624.  iii.  541 

Roe  stone 

553 

Rosado  acid 

iv.  565 

Rose  quartz 

579 

Ruby,  oriental 

569 

Ruby,  spinel  and  balass 

570 

Rutile 

632 

S 

Sacdio-lactates 

iv.  509 

Saccho-lactic  acid 

506 

Sahlite 

iii.  594 

Sal  Ammoniac 

ii.  542 

Saliva 

iv.  517 

Salt,  sea  and  lock 

ii.  624-5 

Salts,  neutral 

183 

metallic 

149 
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Sandarach 

iv.  19S 

Sap  of  vegetable* 

14 

Sapphire 

iii.  569 

Sardonyx 

581 

Saturation 

i.  119 

Saussurite 

iii.  685 

Scale  of  equivalents 

i,  155 

Schaalstone 

iii.  552 

Schaum  earth 

552 

Schillerstone 

563 

Schorl 

595 

violet 

596 

Schorlite 

571 

Sea  water 

694 

Sea  salt 

624 

Sebacic  add 

iv.  629 

Secretion 

434 

Selenium 

iii.  515 

Selenite 

649 

Semi-opal 

680 

Serpentine 

563 

Serosity 

iv.  450 

Serum 

447,  504 

Shell 

620 

Siderite 

iii.  321 

Sienite 

584 

Siliciates 

97 

Silica 

96 

Siliceo-fluoric  acid 

ii.  483,  iii.  Ill 

Silicon 

iii.  99 

Silicated  potash 

103 

Siliceous  fossils 

376 

stalactites 

102 

Silk 

iv.  610 

Silver 

iii.  200 

fulminating 

209 

■ . ores  of 

600 

Sinter  siliceous 

595 

Skin 

iv.  594 

Slate  argillaceous  ) 

574 

clay  J 

Slate  spar 

iii.  552 

Smalt 

452 

Smaragdite 

567 

Soap 

iv.  162 

Soap-stone 

iii.  562 

Soda 

ii.  602 

Sodalite 

iii.  590 

Sodium 

ii.  605 

Soils,  nature  and  analysis  of  iv.  55 

Solution 

i.  34,  62 

Sorbic  acid 

iv.  264 

Spar,  calcareous 

iii.  551 

arragon 

555 

fluor 

560 

heavy 

544 

Spermaceti 

iv.  631 

INDEX, 
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Sphene 

iii.  632 

Spinelle 

570 

Spirit  of  wine 

iv.  350 

Spodumene 

iii.  587 

Starch 

iv.  95 

Staurolite 

iii.  590 

Staurotide 

592 

Steam  engine 

i.  419 

Stearin 

iv.  625 

Steatite 

iii.  562 

Steel 

338 

Stilbite 

588 

Still 

i.  284 

Stromnite 

iii.  548 

Strontianite 

547 

Strontites 

30 

salts  of 

34 

Strontitic  minerals 

547 

Strontium 

32 

Suberates 

iv.  316 

Suberic  acid 

315 

Sublimation 

i.  292 

Sub-phosphuretted  hydrogen 

ii.  403 

Succinates 

iii.  643 

Succinic  acid 

643 

Sugar 

iv.  105 

of  beet 

119 

of  grape 

118 

of  lead 

418 

of  maple 

119 

of  milk 

504 

Sulphates 

ii.  264 

Sulphites 

270 

Sulphur 

245 

native 

iii.  635 

Sulphurets,  metallic 

165 

Sulphurates 

ii.  280 

Sulphuretted  hydrogen 

272 

. — hydro-sulphurets  281 

hydrogurets 

284 

453 

sulphites 

271 

Sulphuric  acid 

251 

Sulphurous  acid 

266 

Super-carburetted  hydrogen 

347 

Super-sulphuretted  hydrogen 

281 

Sweat 

495 

Sweet  principle  of  oil 

168,  171 

Synovia 

iv.  586 

Synthesis 

i.  58 

T 

Table  of  affinities 

i.  190 

neutralization 

193 

the  weights  of  the  atoms 

of  bodies 

195 

Vol.  Pag. 
Table  of  equivalent  or  combining 
quantities  i-  19b,  197 

proportions  in  chemical 

compounds  1 98 

expansions  241,  242,  245 

the  force  of  vapour 

277, 288 

correspondence  of  thermo- 
meters 515 

expansions  of  solids  519 

liquids  521 


the  capacities  of  bodies 

for  caloric  523,  520 

scale  of  temperature  527,  529 

freezing  mixtures  529 

specific  gravities  of  the 

gases  039,  643 

measures  and  weights 

644,  645, 646 

chemical  classification  ii.  7 

gases  absorbed  by  water  130 

alkohol  130 


the  composition  of  salts 

191,  192 

the  solubility  of  salts  in 

alkohol  192 

water  1 93 


densities  of  sulphuric  acid 

diluted  262 

gases  absorbed  by  char- 
coal 313 

densities  of  muriatic  acid 

diluted  437 

of  solutions  of 

ammonia  532 

the  analysis  of  vegetable 

principles,  iv.  78,  80 

the  strength  of  wines  363 

<1  ii i i al- 


kohol 

367 

analysis  of  animal  prin- 

ciples 

443 

Tale 

iii.  564 

Tannin 

iv.  211 

artificial 

225 

Tanning 

230 

Tantalum 

iii.  505 

ores  of 

633 

Tar 

iv.  193 

Tartar 

286 

emetic 

iii.  415 

Tartaric  acid 

iv.  285 

Tartrates 

289 

Tears 

515 

Telesie 

iii.  569 

Tellurium 

493 

680 
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Tellurium,  ores  of 

in. 

631 

Verdigris 

416 

Telluretted  hydrogen 

496 

Verdi  ter 

iii.  308 

Teeth 

iv. 

618 

V esuvian 

593 

Temperature 

i. 

205 

Vinegar 

iv.  404 

Tendons 

iv 

604 

Vitriol,  blue 

iii.  302 

Thallite 

iii. 

595 

green 

328 

Thermometer 

i. 

205 

white 

394 

213 

oil  of 

ii,  244 

214 

ii.  250.  257 

centigrade 

215 

Vitriolic  acid 

244 

Wedgwood’s 

226 

differential 

209 

W 

...  - register 

210 

Wacke 

iii.  574 

Thumerstone 

in. 

595 

Water 

ii.  Ill 

Thorina 

124 

of  crystallization 

i.  40 

Tin 

371 

W aters,  mineral 

iii.  660 

Tin,  ores 

620 

Wavellite 

576 

Tincal 

542 

Wax 

iv.  150 

Titanium 

498 

sealing 

197 

ores  of 

632 

Welther’s  tube  of  safety 

i.  289 

Titanite 

632 

Whey 

iv.  504 

Tppaz 

571 

Whet  slate 

iii.  574 

Tourmalin 

595 

White  lead 

364 

Transpiration 

iv. 

492 

Wine 

iv.  355 

Tremolite 

in. 

567 

oil  of 

377 

Tripoli 

576 

Witlierite 

iii.  546 

Trona 

540 

Woad 

iv.  243 

Tungsten 

483 

Wolfram 

iii.  630 

acid  of 

486 

Wood 

iv.  310 

ores  of 

630 

Wood- stone 

iii.  582 

Turnsole 

iv.  331 

Wool 

iv.  609 

Turpentine 

192 

Woolfe’s  apparatus 

i.  287 

TT 

Wootz 

iii.  346 

Ulmin 

243 

X 

Uranium 

iii. 

503 

Xantliic  oxide 

iv.  575 

ores  of 

633 

Urates 

iv.  557 

Y 

Uree 

547 

Y east 

342 

Uric  acid 

555 

Yellow  acid 

601 

Urinary  calculi 

568 

\ 

Urine 

536 

Z 

Zaffre 

iii.  445 

V 

Zeolite 

587 

Vaporization 

i. 

269 

Zero 

i.  437 

Varnishes  iv. 

172, 

196 

Zinc 

iii.  390 

Vegetable  analysis 

73 

ores  of 

621 

compounds 

5 

Zircon 

112 

principles 

71 

minerals 

596 

— physiology 

6 

Zoisite 

595 

V egetation 

35,  18 

Zoonic  acid 

iv.  599 
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